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SECTION  I 


INTRODUCTION 


1.  Scope 

The  purpose  of  this  research  effort  has  been  to  provide  data  to 
expand  the  proposed  MIL  Standard  and  Handbook  (Reference  1)  to  include 
handling  qualities  criteria  for  short  takeoff  and  landing  (STOL)  air¬ 
craft*  Since  STOL  aircraft  are  unique  in  the  approach  and  landing 
flight  phases,  the  criteria  developaent  has  been  concentrated  in  that 
area.  STOL  aircraft  are  generally  characterized  in  terns  of  their 
effective  thrust  vector  orientation,  that  is,  powered  lift  vs.  non- 
powered  lift.  The  handling  qualities  of  powered  lift  STOLs  were  studied 
extensively  in  the  1970s,  and  are  reviewed  in  Reference  3.  More 
recently,  a  requirement  to  land  fighter  aircraft  on  portions  of  bomb 
damaged  runways  by  adding  thrust  reversing  and  limited  vectoring  has 
been  identified.  The  current  goal  is  to  be  able  to  accomplish  landings 
in  1500  ft  by  50  ft  segments  of  such  runways  in  visibilities  of  700  ft 
and  in  35  kt  crosswinds.  STOL  performance  will  be  achieved  via 
extremely  precise  control  of  the  touchdown  point,  and  thrust  reversing. 
Since  there  are  no  handling  qualities  criteria  for  this  type  of  STOL 
aircraft,  the  majority  of  this  research  has  been  aimed  at  the  develop¬ 
ment  of  such  criteria.  However,  the  pertinent  criteria  and  supporting 
data  for  powered  lift  STOLs  (from  Reference  3)  have  been  Included  for 
completeness. 

The  formulation  of  handling  qualities  criteria  for  non-powered  lift 
STOLs  requires  supporting  data  that  was  not  available  at  the  initiation 
of  this  research.  While  it  was  originally  intended  to  conduct  a  moving- 
base  simulation  to  develop  at  least  some  substantiating  data,  such  an 
effort  proved  to  be  beyond  the  scope  of  the  available  resources  in  this 
program.  However,  the  Air  Force  was  able  to  provide  assistance  by  con¬ 
ducting  a  moving-base  piloted  simulation  (albeit  somewhat  limited  In 
scope).  An  extensive  test  plan  was  developed  that  consisted  of 
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configurations  that  would  fill  the  gaps  in  the  data  base  for  both  longi¬ 
tudinal  and  lateral  handling  qualities  for  non-powered-lift  STOLs  (see 
Section  V  and  Appendix  B).  Several  of  these  configurations  were  tested 
on  the  USAF  Large  Amplitude  Multimode  Research  Simulator  (LAMARS)  by 
AFWAL/FIGC  personnel  (see  Appendix  A).  In  addition,  the  data  from  the 
Reference  2  flared  landing  study  conducted  by  Calspan  on  the  USAF/AFWAL 
total  in-flight  simulator  (TIFS),  was  utilized.  That  study  was  oriented 
toward  flared  landings  of  large  aircraft;,  but  is  useful  in  terms  of 
identifying  the  fundamental  requirements  for  precision  landings. 

The  proposed  criteria  for  pitch  attitude  control  are  presented  in 
Section  II  and  the  criteria  for  flight  path  control  in  Section  III. 
Section  III  is  divided  into  frontside  flight  path  control 
(Section  III-A),  and  backside  flight  path  control  (Section  III-B). 
Sections  II  and  III  are  presented  in  essentially  the  same  format  as  the 
current  version  of  the  proposed  MIL  Standard  and  Handbook  to  facilitate 
incorporation  of  the  criteria  into  these  documents  if  so  desired.  The 
supporting  data  for  frontside  flight  path  control  is  the  main  topic  of 
the  present  research  and  is  contained  in  Section  IV.  The  configurations 
developed  to  fill  the  gaps  in  the  data  base  are  summarized  in 
Appendix  B. 

2.  Background 

A  recent  report  (Reference  3)  contains  a  summary  of  STOL  handling 
qualities  data,  so  the  details  of  these  data  will  not  be  repeated  here. 
In  Reference  3,  STOL  aircraft  were  classified  into  four  major  catego¬ 
ries.  These  were: 

1.  Powered-lift  STOLs  which  require  the  backside 
closed-loop  piloted  control  technique,  i.e. , 
pitch  attitude  controls  airspeed  and  thrust  con¬ 
trols  flight  path.  Examples  of  such  aircraft  are 
the  NASA  Augmentor  Wing  and  QSRA,  and  the  Douglas 
YC-15. 

2.  Powered-llft  STOLs  that  are  augmented  so  the 
pilot  can  utilize  the  frontside  control  tech¬ 
nique,  t.e. ,  pitch  attitude  controls  flight  path 
and  thrust  may  or  may  not  be  required  to  effect 
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changes  in  the  trim  airspeed.  An  example  is  the 
Boeing  YC-14. 

3.  Non-powered-lift  low-wing-loading  STOLs.  The 
De  Havilland  Twin  Otter  is  such  an  aircraft* 

4.  High-wing-loading  STOLs  with  minimal  powered 
lift.  While  there  are  no  existing  aircraft  of 
this  type,  the  task  of  landing  CTOL  aircraft 
aboard  aircraft  carriers  is  similar.  The  fighter 
STOL  mentioned  above  falls  into  this  class.  Such 
an  aircraft  will  rely  on  extremely  precise  flight 
path  control  and  large  amounts  of  thrust  revers¬ 
ing  after  touchdown.  The  constraints  for  their 
mission  will  almost  certainly  demand  the  front¬ 
side  piloting  techn  que. 


The  differences  between  powered-lift  and  non-powered-lif t  STOLs, 
flown  with  the  frontside  technique,  may  be  minimal  in  terms  of  handling 
qualities  requirements.  However,  the  lower  flight  speeds  afforded  by 
utilising  powered  lift  can  mean  lower  approach  speeds  and  sink  rates, 
and  less  speed  to  dissipate  once  on  the  runway.  Typical  approach  speeds 
for  powered-lift  STOLs  are  60-80  kt;  for  non-powered-lift,  high-wing- 
loadlng  aircraft,  approach  speeds  could  be  as  high  as  140  kt.  Clearly, 
the  landing  task  carries  much  greater  demand  on  precision  control  for 
the  CTOL-llke  STOL  as  runway  length  is  decreased. 

Reference  3  identified  several  major  shortcomings  in  the  available 
STOL  data  base.  The  critical  gaps  are  outlined  below. 

3  Most  of  the  STOL  aircraft  flown  or  simulated  have 
been  medlum-to-large  transport-type  aircraft 
(l.e. ,  Class  II  and  III  in  MIL-F-8785C, 

Reference  32).  This  applies  to  both  non-powered- 
lift  STOLs  (the  Twin  Otter)  as  well  as  powered- 
lift  aircraft  (e.g.,  the  YC-14,  YC-15,  Augraentor 
Wing).  Little  quantitative  data  could  be  found 
for  Class  IV  STOLs,  such  as  the  AV-8A  Harrier 
(which  is  normally  operated  in  a  VTOL  environ¬ 
ment). 

**  The  bulk  of  the  data  were  generated  during  the 
early-to  mld-1970's  in  response  to  Federal 
Aviation  Administration  interests  in  Airworthi¬ 
ness  Certification  for  STOLs.  Thus,  the  tasks 
and  operating  environments  were  tailored  toward 
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civil,  rather  than  military  operations.  These 
data  were  obtained  exclusively  on  moving-base 
simulators. 

•  The  only  useful  flight  test  data  available  were 
for  the  NASA  Augmentor  Wing  aircraft.  Again, 
this  is  a  large,  powered-lift  STOL.  Since  the 
publication  of  Reference  3,  the  flight  test 
reports  for  the  Advanced  Medium  STOL  Transport 
(AMST)  aircraft,  the  YC-14  and  YC-15  (Refer¬ 
ences  25  and  26,  respectively),  have  been 
reviewed.  However,  since  these  were  evaluation 
reports  and  were  not  intended  for  the  generation 
of  quantitative  handling  qualities  data,  their 
usefulness  is  limited  to  whatever  insights  that 
can  be  obtained  from  pilot  commentary. 

•  Very  little  of  the  existing  data  could  be  used  to 
define  Level  2  and  Level  3  boundaries  for  flight 
path  control.  The  civil  airworthiness  studies 
were  concentrated  in  the  Level  2  region  (Cooper- 
Harper  pilot  ratings  of  around  4  to  5). 

•  A  number  of  STOL  criteria  for  both  flight  path 
control  and  attitude  control  were  available,  but 
there  was  insufficient  data  to  set  definite 
Flying  Quality  Levels  on  these  criteria. 

•  Very  little  work  has  been  conducted  for  lateral- 
directional  requirements.  In  Reference  3,  it  was 
emphasized  that  the  CTOL  requirements  should 
apply  equally  for  STOLs.  However,  it  is  likely 
that  the  extreme  precision  required  for  non- 
powered-lift  STOLs  will  require  increased  band- 
widths  In  the  lateral-directional  axes. 


From  the  above,  the  most  critical  areas  for  research  can  be  identi¬ 
fied.  The  heaviest  interest  is  for  non-powered-lift,  fighter-type  STOLs 
since  there  are  essentially  no  data  for  this  type  of  aircraft.  Data  is 
needed  for  all  STOL  types  to  refine  proposed  criteria  and  verify  the 
applicability  of  existing  criteria,  especially  for  Level  2  and  3  opera¬ 
tions.  Effects  of  adverse  visibility  and  weather,  and  tradeoffs  between 
flared  and  unflared  landings,  need  to  be  investigated.  Lateral/ 
directional  handling  qualities  requirements  must  be  developed. 
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SECTION  II 


PITCH  ATTITUDE  CONTROL 


1.  Requirement 

The  bandwidth  of  the  open-loop  pitch  attitude  response  to  the  pitch 
controller  shall  have  the  following  characteristics  _ . 

Recommended  limits  for  the  pitch  attitude  bandwidth  are  given  as  a 
function  of  the  parameters  an<*  Tp  *n  Figure  1»  These  parameters 

are  defined  in  Figure  2a.  In  addition,  the  subsidence  ratio  X£/> , , 
defined  in  Figure  2b,  should  not  exceed  0.31.  An  attitude  command/ 
attitude  hold  (ACAH)  response-type  is  recommended  for  STOL  landings, 
although  rate  command/attitude  hold  (RCAH)  is  acceptable  (but  not  ideal) 
as  long  as  the  requirements  of  Section  III-A  are  met. 


Figure  1.  Bandwidth  Requirements  on  Pitch  Attitude 
(From  Reference  1) 
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Definition  of  Phase  Delay 


$2<»iiBa''',80o 
Tp  “  114.6  w, so 

Rate  Response -Types: 

tugwis  lesser  of  WBWgam  and  a Bwphgst 


b)  Definition  of  Subsidence  Ratio,  X2/xj 
Figure  2.  Definitions  of  Bandwidth  Criterion  Parameters 
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2.  Rationale 


The  bandwidth  criterion  (defined  in  Figure  2)  is  recommended  for 
aircraft  where  STOL  landing  is  a  mission  requirement.  This  is  based  on 
the  fact  that  the  use  of  Lower  Order  Equivalent  Systems  is  not  possible 
with  the  recommended  attitude  command/attitude  hold  response-type,  and 
has  questionable  validity  for  rate  command/attitude  hold  (this  is  dis¬ 
cussed  in  more  detail  in  Section  IV-E).  The  recommended  criterion 
boundaries  in  Figure  1  are  identical  to  the  proposed  Category  C  bound¬ 
aries  for  conventional  aircraft  (Reference  1).  This  is  based  on  the 
results  of  the  Appendix  A  simulation  as  well  as  the  flight  tests  in 
Reference  2  (the  test  aircraft  was  not  a  STOL,  but  the  task  involved 
precision  landings).  This  is  discussed  under  supporting  data  for  front¬ 
side  flight  path  control  (Section  IV). 

A  subsidence  ratio  requirement  has  been  added  to  the  ^bwq  and  Tp 
parameters  from  Reference  1  to  account  for  the  fact  that  a  damping  ratio 
of  less  than  0.35  can  be  obtained  while  still  meeting  the  Level  1  bound¬ 
aries  in  Figure  1.  While  it  is  extremely  unlikely  that  an  attitude  or 
rate  augmentation  scheme  would  ever  be  designed  with  C  <  0.35,  it  is 
possible  that  the  failure  of  a  pitch  damper  could  cause  a  loss  in  damp¬ 
ing  which  would  be  caught  by  the  subsidence  ratio  limit. 

Reference  3  suggested  a  possible  relaxation  in  attitude  bandwidth  if 
the  aircraft  is  flown  backside  in  the  flare  (i.e.  ,  flare  with  power). 
However,  while  such  flaring  with  power  may  be  perfectly  acceptable 
(Section  III-B),  it  Is  felt  that  the  integrity  of  the  attitude  response 
should  be  maintained  for  the  de-rotation  task  after  touchdown,  as  well 
as  rotation  to  the  takeoff  attitude. 

3.  Supporting  Data  (Guidance) 

The  supporting  data  for  this  section  is  given  in  the  proposed  MIL 
Standard  and  Handbook,  Reference  1  (page  178),  since  it  is  unchanged 
from  the  CTOL  requirement.  Further  substantiation  is  given  in 
Section  IV  (Figure  23)  based  on  the  results  of  the  Appendix  A  simulation 
and  the  Reference  2  flight  tests. 
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The  Reference  2  flight  tests  do  not,  however,  support  the  limits  on 
ip  in  Figure  l,  and  in  fact  much  higher  time  delays  (0.2  to  0.3  sec) 
result  in  Level  l  ratings.  It  is  not  clear  whether  these  results  are 
due  to  the  large-airplane  orientation  of  the  Reference  2  test,  or  are  an 
indication  that  the  strong  sensitivity  of  pilot  rating  to  increasing 
time  delay  (approximately  1  rating  per  0.05  sec  of  time  delay,  for 
which  Xp  is  an  approximation)  predicted  in  References  4  and  5  are  not 
correct.  It  is  proposed  that  the  current,  more  stringent  limits  on  Xp 
be  retained  until  landing  tests  with  more  agile  aircraft  are  conducted. 
It  does  appear,  however,  that  a  relaxation  on  xp  for  large  aircraft  is 
warranted  based  on  the  Reference  2  results. 
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SECTION  III 


FLIGHT  PATH  CONTROL 


The  piloting  technique  utilized  for  flight  path  control  depends  on 
whether  the  aircratc  is  on  the  backside  or  frontside  Of  the  power- 
required  curve,  and  on  t'  ®  inclination  of  the  thrust  vector  in  the 
power-approach  flight  condition.  Most  "conventional"  takeoff  and  land¬ 
ing  (CTOL)  aircraft  operate  on  the  frontside  (dy/dV  is  negative)  and  the 
majority  of  the  thrust  is  pointed  aft,  whereas  powered-lift  configura¬ 
tions  tend  to  operate  on  the  backside  (dy/dV  is  positive),  with  a  large 
portion  of  the  thrust  oriented  normal  to  the  flight  path.  For  CTOLs, 
flight  path  is  controlled  with  pitch  attitude,  and  airspeed  with  thrust. 
For  powered  lift  STOLs,  thrust  is  used  to  control  flight  path,  and  pitch 
attitude  to  control  airspeed,  except  for  the  flare,  which  is  usually 
accomplished  with  attitude.  Fighter  STOL  configurations  would  tend  to 
operate  in  a  region  where  dy/dV  *  0  and  have  most  of  the  thrust  oriented 
aft.  Because  of  the  aft  thrust  orientation,  short-term  flight  path  cor¬ 
rections  would  be  accomplished  with  attitude,  and  airspeed  control,  as 
well  as  long-term  flight  path  corrections,  accomplished  with  throttle. 

Requirements  are  necessary  for  both  the  frontside  and  backside  con¬ 
trol  techniques.  Such  requirements,  along  with  rationale  and  supporting 
data,  are  presented  In  the  following  paragraphs. 

A.  FRONTSIDE  FLIGHT  PATH  OONTROL 

1.  Requirements 

a.  The  lag  between  flight  path  and  pitch  attitude  shall  fall  within 

the  following  limits  _ . 

b.  The  angle-of-attack  response  to  a  step  longitudinal  controller 

input  shall  exhibit  zero  sloiSe  within  the  first  _ seconds 

from  initiation  of  the  step  controller  input,  and  shall  be 
generally  characterized  as  a  step  response  during  that  period. 


9 


,  mu  m  ujto  jrsui  ujh  x/fui  xAnAJum/LArtAfti 


c.  If  Requirement  b  is  not  satisfied,  or  Is  questionable,  an 

acceptable  alternative  shall  be  to  demonstrate  that  the  band¬ 
width  of  flight-path-angle  to  longitudinal  controller 

input,  is  greater  than _ . 

d.  The  magnitude  of  the  peak  flight-path-angle  change  following  a 

step  change  in  pitch  attitude  shall  exceed _ . 

Compliance  with  Requirement  a  is  to  be  demonstrated  at  the  minimum 
allowable  approach  speed  specified  for  the  aircraft*  Compliance  with 
Requirements  b,  c,  and  d  is  to  be  demonstrated  at  the  minimum  expected 
airspeed  at  flare  initiation,  or  at  touchdown  if  no-flare  landings  are 
specified. 


Recommended  limits 


a.  The  recommended  limits  for  the  effective  lag  between  pitch  atti¬ 
tude  and  flight  path  (see  Figure  3)  are  as  follows: 


Level  1 


0.38  <  (l/T0  ) 

L  eff 


<  0-77^9 

KC  +  W  +  1 


Level  2 


0.24  4  U/I02)eff 


l*33uteW0 
kc  +  /k2;2  +  l 


Where  C  is  obtained  from  the  subsidence  ratio  (Figure  2b)  according  to 
Figure  4,  or  a  conservative  default  value  of  1.3  may  be  used.* 


K  *  1  for  ACAH  response-type 


“BWe  -  1/Tq 

K  *  — —  Yp£  '  RCAH  response-type 


These  approximations  assume 


0. 
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Figure  4.  Damping  Ratio  of  Oscillatory  Transients  as  a  Function  of 
Subsidence  Ratio  for  Second-Order  Systems 
(from  Reference  35) 
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Where  1/Tq  Is  the  numerator  zero  of  the  q/6es  transfer  function  (see 
Section  IV). 

If  an  equivalent  short  period  frequency  has  been  calculated,  the 
following  relationships  apply: 


Level  1  0.38  <  [l/Te  )  <  0.77  ufep 

1  ef  f  v 

Level  2  0.24  <  (l/T02 )  <  1.33  ufep 

b.  The  short-terra  angle-of-attack  response  should  have  zero  slope 
within  the  first  five  seconds  following  a  step  longitudinal  con¬ 
troller  input.  Examples  of  acceptable  and  unacceptable  angle- 
of-attack  responses  are  shown  in  the  following  sketch. 


OK  NOT  OK 


c.  If  Requirement  b  is  not  satisfied,  or  is  questionable,  the  band¬ 
width  of  the  flight-path-angle  response  to  the  longitudinal  con¬ 
troller  input  (where  bandwidth  is  defined  in  a  manner  identical 
to  pitch  attitude  bandwidth,  Figure  2a,  with  Y  in  place  of  8), 
should  be  no  less  than  the  following: 
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LEVEL  1 

LEVELS  2  and  3 

f^BWy  (rad/sec) 

0.80 

0.60 

d.  The  magnitude  of  the  peak  flight-path-angle  response  following  a 
step  change  in  attitude  should  be  no  less  than  the  following. 


LEVEL  1 

LEVELS  2  AND  3 

^max 

A9ss 

0.70 

0.50 

2.  Rationale 

The  requirement  on  flight  path  lag  relative  to  pitch  attitude 
(Requirement  a)  is  directed  at  flight  path  control  during  the  landing 
approach  where  the  bandwidth  of  the  pitch  attitude  loop  is  characteris¬ 
tically  much  higher  than  that  of  the  path  loop.  The  requirements  for  a 
step-like  angle-of -attack  response,  a  minimum  level  of  flight  path  band¬ 
width,  and  a  minimum  are  based  on  the  requirement  for 

precision  touchdown. 

3.  Supporting  Data 

a.  Flight  Path  Control  for  Landing  Approach 

The  limits  on  (i/Tq  )  were  taken  from  Reference  3.  The  lower 

1  eff 

limit  is  based  on  approach  data  from  flight  tests  with  a  CTOL  NT-33A. 
This  data  is  felt  to  apply  to  STOLs  as  well  since  no  unique  requirements 
have  been  determined  for  STOL  flight  path  control  in  the  approach  flight 
phase.  In  fact,  the  results  of  Reference  6  indicate  that  the  flight 
path  dynamics  during  the  approach  are  surprisingly  non-critical,  and 
that  the  requirements  for  short  final  and  landing  establish  the  flying 
qualities  limits.  As  noted  in  Reference  3,  the  lower  limit 

on  (i/Tq„)  is  equivalent  to  the  lower  limit  on  n/a  for  CTOL  aircraft 

*■  eff 
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at  135  kts.  Interestingly,  the  lower  limits  on  n/a  in  MIL-F-8785C  are 
based  on  a  minimum  l/T which  was  converted  to  n/a. 

The  upper  limit  on  (i/Tq.)  is  based  on  experience  which  has  shown 

*  eff 

that  the  path  response  bandwidth  should  be  well  separated  from  the  pitch 
response  bandwidth  (see,  e.g.,  References  18  and  36). 

Evidence  to  support  this  is  given  in  the  analysis  and  flight  test 
results  obtained  by  DFVLR  (using  an  HFB-320  in-flight  simulator)  and 
reported  in  Reference  7.  These  results  indicate  that  an  appropriate 
criterion  parameter  would  be  the  phase  angle  between  path  and  attitude 
at  the  short-period  frequency,  i.e.  , 


4>(Y/9)  | 

Noting  that  4>(t/ 6)  |  u>=u^p  *  tan_l  u)spT02,  a  criterion  on  ufepTe2  ,  pro¬ 
posed  in  Reference  1,  can  be  easily  converted  to  *Kf/9)| a>-a^p  with  the 
results  shown  in  Table  l.  The  upper  limits  on  1/Tg2  in  Requirement  a 

were  obtained  from  the  values  of  in  Table  1,  which  in  turn 

v  1  min 

were  taken  from  the  Category  C  requirements  in  the  proposed  MIL  Handbook 
(Reference  1).  The  upper  limits  on  1/T@2  could  also  be  considered  as  a 
lower  limit  on  <i^p.  This,  of  course,  is  a  direct  consequence  of  the 
physical  interpretation  of  (i^pTg2  as  a  measure  of  path/attitude  conso¬ 
nance.  More  specifically,  when  controlling  flight  path  with  pitch  atti¬ 
tude,  the  pilot  desires  that  the  path  response  lag  the  attitude 
response.  Unfortunately,  there  lb  not  a  great  deal  of  data  to  document 
this  particular  aspect  of  the  pilot-centered  requirements  for  path  con¬ 
trol;  that  is,  very  few  experiments  Include  configurations  where  1/Te2 
is  nearly  equal  to  or  greater  than  u%p.  For  now  we  must  rely  on 
Reference  7  as  well  as  undocumented  pilot  commentary  from  various 
sources  to  support  the  path/attitude  consonance  requirement;  however, 
our  rationale  leads  us  to  avoid  a  situation  where  1/T02  >  ufep.  This 
conclusion  was  reached  independently  by  other  researchers  (i.e., 
References  7  and  8)  but  not  by  those  using  fixed  base  simulation.  This 
suggests  that  the  requirement  for  1/T©2  <  °fep  «  result  of  aircraft 
motion. 
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TABLE  1.  CONVERSION  OF  WgpTe2  TO  A  PHASE  ANGLE  CRITERION 


CATEGORY 

LEVEL 

(“sp^Qj) 

r  1  min 
(Reference  1) 

MAXIMUM  ALLOWABLE 

(deg) 

A 

i 

1.6 

-58 

2 

1.0 

-45 

B 

1 

1.0 

-45 

2 

0.58 

-30 

C 

1 

1.3 

-52 

2 

0.75 

-37 

The  phase  angle  criterion  in  Table  I  would  be  applicable  as  an 

alternate  to  the  upper  limit  on  (l/Te_)  for  interpreting  simulator  or 

1  eff 

flight  test  results. 

The  proposed  criterion  is  written  in  terms  of  wgvje  (instead  of  u^p) 
as  a  matter  of  convenience  to  the  user,  is  related  to  &%p  by  the 

following  relationships  (see  Reference  9,  page  210): 

“b»8  /— ; — 5 - 

*  '•p  *  1 

K  ■  1  for  ACAH  response-type 

“fcWe  ~  l/Tq 

K  "  - v"r/v~  for  RCAH  response-type 

“BWq  +  *'Tq 

Combining  these  values  with  the  Category  C  limits  on  ('‘fepTo^min 

from  Table  1  yields  the  specified  upper  limits  on  (1/Tq.)  .  The  rela- 

1  eff 

tlonshlp  between  .<nd  u^p  involves  the  damping  ratio  which  can  be 

obtained  from  the  subseq'  ence  ratio  (X2/Xj  in  Figure  2b),  or  a  conserva¬ 
tive  default  value  of  1.3  may  be  used.  The  parameter  1/T^  is  the 
numerator  of  the  pitch  rate  response  which  is  simply  the  ratio  of  the 
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attitude  (or  integral  of  rate)  to  rate  gain  (Kg/Kq).  This  is  further 
clarified  in  Section  IV. 

Determination  of  (l/Tg0)  requires  a  frequency  sweep  and  subse- 

‘  ef  f 

quent  manipulation  of  the  data  using  Fast  Fourier  transforms.  An  alter¬ 
native  (and  much  simpler)  approach  is  to  utilize  the  linear  relationship 

between  the  rise  time  in  y  following  a  step  change  in  6,  and  (l/Tg0) 

1  eff 

defined  in  Reference  3  and  shown  in  Figure  5. 

b.  Flight  Path  Control  for  Precision  Landings 

The  proposed  requirements  for  precision  landings  (b,  c,  and  d)  are 
new,  and  represent  a  substantial  portion  of  this  research  effort. 
Therefore,  an  entire  section  of  the  report  (Section  IV)  has  been  allo¬ 
cated  to  the  development  of  the  precision  landing  criteria. 

B.  BACKSIDE  FLIGHT  PATH  OOHTB0L 

The  requirement,  rationale,  and  supporting  data  presented  in  this 
section  are  taken  from  Reference  3  with  some  minor  modifications. 

1.  Requirement 

The  short-term  flight  path  response  to  designated  flight  path  con¬ 
troller  inputs  shall  have  the  following  characteristics:  . 

Recommended  values :  Effective  rise  time,  tR^*  *nd  overshoot 

ratio,  A'fmax/A'r8a,  following  a  step  change  in  designated  flight  path 
controller,  should  be  within  the  Level  1  boundaries  of  Figure  6.  There 
are  insufficient  data  to  define  the  boundary  between  Level  2  and 
Level  3.  Aircraft  which  fail  outside  the  Level  1  boundaries  in  Figure  6 
should  be  required  to  have  Level  1  vertical  axis  response  to  attitude 
changes,  i.e. ,  they  should  meet  the  requirements  of  the  previous  subsec¬ 
tion  (III-A). 
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0 


time  (sec) 


Figure  5.  Conversion  of  Effective  Path/ Attitude  Lag 
to  a  Tine  Response  Parameter 


Figure  6.  Level  1  Limits  for  Short-Term  Vertical  Axis  Response 
to  Step  Input  of  Designated  Flight  Path  Controller 

2.  Rationale 

This  paragraph  is  applicable  to  aircraft  equipped  with  a  designated 
flight  path  controller  other  than  pitch  attitude.  The  form  of  control¬ 
ler  is  irrelevant;  STOL  designs  have  used  spoilers,  flaps,  nozzle  vec¬ 
toring,  and  throttles  to  provide  flight  path  control.  Throughout  these 
requirements  the  controller  will  often  be  described  as  "throttle"  for 
convenience,  since  "designated  flight  path  controller'*  is  unwieldy.  The 
use  of  "throttle"  to  represent  the  flight  path  controller  should  not  be 
construed  to  indicate  any  preconceptions  as  far  as  specific  design. 

It  would  be  expected  that  a  designated  flight  path  controller  will 
be  required  for  most  powered-lift  aircraft  because:  I)  a  significant 
component  of  the  thrust  vector  is  vertical,  and/or  2)  the  aircraft  oper¬ 
ates  well  on  the  backside  of  the  power  required  curve. 

Separate  criterion  boundaries  are  specified  for  Landing  and  Approach 
in  Figure  6.  Aircraft  with  flight-path-to-throttle  characteristics 
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which  meet  the  approach  boundaries,  but  not  the  landing  criterion,  are 
expected  to  meet  the  criteria  for  precision  landings  with  pitch  attitude 
in  Section  III-A-b. 

The  most  important  short-term  requirements  for  the  designated  flight 
path  controller  are  rapidity  of  response  and  effectiveness  in  changing 
the  flight  path.  Rapidity  is  defined  here  in  terms  of  rise  time,  tRyj* 
and  overshoot  ratio,  Ay^x/AYgs ,  determines  how  well  the  commanded 
flight  path  change  stabilizes  in  the  short  term.  Figure  7  illustrates 
how  a°d  A'<max/ATSS  are  defined.  Note  that  tR^  is  identical  to  the 

parameter  ^.SAy^*  Reference  10,  and  that  it  is  related  to  the  band¬ 

width  of  h/&j  (normal  pitch  SAS  on)  as  defined  in  Figure  8.  Figure  9 
shows  the  relationship  between  an<*  tRyT  ^or  t^e  ^ata 

References  6  and  11.  This  figure  may  be  used  to  convert  the  Figure  6 
requirement  to  ^BWfrx  vs*  ^^max/^’fes*  ^  desired. 


Aft* 


8t(%) 

0  time  (sec) 

Note:  Pitch  attitude  controller  is  free  during  response 

Figure  7.  Definition  of  y/^t  Time  Response  Parameters 
(Pitch  SAS  Active) 
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BWhT  (rad/sec) 


Figure  8.  Definition  of  h/S-p  Frequency  Response  Parameter 

(Pitch  SAS  Active) 


Figure  9.  Relationship  Between  Throttle  Bandwidth  and 
Rise  Time  for  Typical  Powered-Lift  STOLs 


The  limits  of  Figure  6  reflect  pilot  acceptance  of  less  precise 
flight  path  control  (i.e.,  more  overshoot)  during  the  approach  than  for 
flare  and  landing.  For  flare,  large  path  overshoots  generally  lead  to 
high  workload  and  touchdown  dispersions.  The  dashed  lines  on  the 
Level  1  boundaries  reflect  uncertainty  (primarily  due  to  a  lack  of  data) 
in  setting  a  lower  limit  on  tRyp*  It  is  certain  that  the  excessive 
abruptness  consistent  with  tR^j,  0  would  be  unacceptable  to  the  pilot. 
However,  the  lower  limit  on  tg,^,  in  Figure  6  is  not  based  on  any  exist¬ 
ing  data  and  should  be  the  subject  of  piloted  simulation  or  flight  test 
experimentat ion. 

3.  Supporting  Data 

The  requirements  proposed  for  backside  flight  path  control  are  taken 
from  Reference  3.  Supporting  data  is  developed  extensively  in 
Reference  3  and  is  presented  herein  in  a  slightly  abridged  form. 

a.  Approach  Data 

An  extensive  review  of  configuration  characteristics  and  pilot  com¬ 
ments  from  References  6  and  10  through  13  (discussed  extensively  in 
Reference  3)  shows  that,  with  only  one  exception,  all  the  aircraft 
tested  were  flown  using  STOL  technique  (h  +  6j,  u  +■  0)  on  final 
approach.  This  was  to  be  expected,  since  all  these  aircraft  represented 
powered-lift  designs.  The  single  exception  was  a  simulated  aircraft 
with  an  effective  horizontal  thrust  inclination  and  adequate  path/ 
attitude  bandwidth  (Reference  11)  —  i.e.,  a  non-powered-lift  CTOL-type 
airplane.  It  should  be  noted  that  many  of  the  Reference  6  configura¬ 
tions  were  on  the  frontside  of  the  power  required  curve,  but  that  the 
pilot  still  utilized  the  STOL  technique  for  flight  path  control.  This 
was  primarily  because  of  the  large  thrust  inclinition  angle  that  renders 
throttle  ineffective  as  a  spaed  controller.  I:  fact,  a  review  of  the 
pilot  commentary  reveals  that  speed/path  coupling  was  actually  adverse 
in  many  cases,  i.e.,  speed  decreased  with  a  power  addition.  Path/speed 
coupling  is  further  discussed  in  Reference  11. 
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One  measure  of  the  extent  of  nowered  lift  Is  the  effective  thrust  angle, 

^  <$*jp 

9^,  given  by  9^  =  tan-* (-  X^,  in  stability  axes.  Thus 

9^,  =  90  deg  is  a  purely  vertical  component.  The  parameters  tg^ 
and  ^Yjggjj/^Ygg  can  be  related  to  9^,.  Figure  10  shows  the  generic  effect 
of  9.p  on  flight  path  response.  As  this  figure  suggests,  sluggish  rise 
time  (tg^,  large)  is  often  associated  with  relatively  horizontal  thrust 
inclination,  while  overshoot  (AYmax/AYss  >  1)  occurs  as  a  result  of 
relatively  vertical  thrust  inclination. 


Figure  1 1  is  a  summary  of  the  ratings  from  References  6  and  10 
through  13.  The  test  conditions,  vehicles  flown,  and  facilities  are 
described  in  detail  in  Reference  3  and  are  summarized  in  the  following 
table. 


REF 

TEST  FACILITY 

AIRCRAFT 

VARIABLES 

13 

FSAA  (Simulator) 

BR941S 

uo»  V  V  Tran8Parency 

12 

FSAA 

Aug mentor 
Wing 

V  V  wlnd8>  tengine 

6 

S-16  (Simulator) 

Generic 

Powered- 

Lift 

V  V  V  °v  Wind8 

6 

Princton  VSA 
(Flight) 

Navion 

11 

FSAA 

Generic 

Powered- 

Lift 

°ug>  Winds,  Tengine 

10 

Augraentor  Wing 

AWJSRA 

V  V  «r 

The  flight  test  data  on  Figure  11  have  poorer  pilot  ratings  than  the 
simulations.  The  reasons  for  this  are  not  fully  known,  although  it  is 
possible  that  the  overall  flight  test  environment  (which  almost  always 
included  some  winds  and  turbulence)  was  more  severe  than  the  simulated 
environments.  This  degradation  in  pilot  ratings  in  flight  test  was 
found  in  Reference  6,  where  similar  configurations  were  evaluated  in 
both  environments  (compare  simulator  and  Navion  data  on  Figure  11). 
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Figure  11.  Pilot  Ratings  for  Backside  Control  of  STOL  Aircraft  in  Landing  Approach 


It  Is  important  to  remember  that  the  proposed  MIL  Handbook 
(Reference  1)  allows  a  degradation  in  pilot  ratings  due  to  turbulence; 
for  example,  the  Level  1  limit  drops  from  3-1/2  to  5-1/2.  Therefore  a 
rating  of  5  in  moderate  turbulence  is  equivalent  to  a  3  in  calm  air. 
This  two-point  shift  is  supported  by  the  data  of  Figure  11  (where  pilot 
ratings  below  the  symbol  are  with  turbulence). 

There  is  considerable  scatter  in  the  ratings  shown  in  Figure  11. 
For  example,  in  one  case  Level  1  pilot  ratings  were  given  to  a  configur¬ 
ation  with  an  extremely  sluggish  response  (tg^T  =  6.5  sec).  This  is 
explained  by  the  good  short-term  path/attitude  characteristics  of  this 

configuration  [(l/T@  )  =  0.75  rad/sec;  Configuration  BSL2  from 

eff 

Reference  6].  The  pilot  comments  for  BSL2  verify  that  the  pilot  used 
throttle  for  basic  path  control,  but  relied  on  pitch  attitude  for  quick¬ 
ening  the  path  response.  In  fact,  the  primary  reason  the  pilots  stated 
that  they  used  the  backside  technique  on  this  configuration  was  that  the 
thrust  inclination  was  nearly  vertical,  making  it  impossible  to  control 
airspeed  with  power. 

The  boundaries  drawn  are  based  on  a  combination  of  the  data  shown, 
and  on  what  previous  researchers  have  recommended.  For  example, 
Reference  10,  using  most  of  the  same  data,  suggested  tRyj.  less  than 
3  sec.  The  AMST  specification  (Reference  16)  defined  the  rise  time  for 
reaching  90  percent  of  steady-state,  and  set  the  limit  at  5  sec  for 
flight  at  the  minimum  operational  speed.  For  a  typical  h/ Sy  response 
this  would  be  equivalent  to  of  approximately  2.8  sec. 

Data  from  Reference  15  are  given  in  Figure  12.  These  data  are  from 
an  FSAA  simulation  of  the  Augmentor  Wing  with  variations  in  Xu,  3^,  and 
6^.  The  data  were  not  included  on  Figure  l l  because  the  task  in  this 
experiment  only  incLuded  ILS  tracking  —  a  relatively  undemanding  task. 
This  is  reflected  in  Figure  12  where  the  Reference  15  data  are  compared 
with  the  proposed  boundaries.  The  fact  that  Level  1  pilot  ratings  were 
given  to  configurations  with  very  sluggish  response  characteris¬ 
tics  (tg^,  =  5)  emphasizes  the  fact  that  the  visual  portion  of  the 
landing  task  on  short  final  and  in  the  flare  is  much  more  demanding  than 
the  ILS  approach  (see  discussion  in  Reference  6).  Regardless,  the  data 
are  still  worth  considering,  and  support  at  least  the  ^Inax/^ss  limit. 


Figure  12.  Pilot  Ratings  for  ILS  Tracking  Task  with  Simulation 
of  Augmentor  Wing;  Calm  Air  (Reference  15) 
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Figures  11  and  12  Lack  sufficient  data  to  support  a  Level  2  limit  in 
either  rise  time  or  overshoot,  and  thus  there  is  no  such  limit  in  the 
Figure  6  requirement. 

b.  Flare  and  Landing 

There  is  a  substantial  amount  of  data  that  indicates  that  the  use  of 
throttle  to  flare  can  result  in  Level  1  handling  qualities.  For  exam¬ 
ple,  all  of  the  data  in  Figure  13  are  for  configurations  where  the 
pilots  noted  that  flaring  with  pitch  attitude  was  not  possible  (see 
Reference  3  for  more  detail).  There  is  somewhat  stronger  support  for 
the  Level  1  limit  here  than  in  the  approach  flight  condition.  This  is 
probably  attributable  to  the  fact  that  there  was  less  time  to  correct 
for  responses  that  were  sluggish  or  had  overshoot  in  the  flare  maneuver; 
l.e.  ,  landings  require  more  precision  than  approaches.  This  important 
result  has  been  observed  during  all  approach  and  landing  experiments, 
STOL  and  CTOL,  and  Is  discussed  in  detail  in  Reference  6.  The  ratings 
suggest  much  less  tolerance  for  overshoot,  as  one  would  expect.  There 
is  insufficient  data  to  define  a  Level  2  boundary. 
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6/6/8 /5,S 
0 

4, 6/6. 5/8/6, 8 


O  Reference  H  -8T- Only  Flores 
(Pilots  A/B) 

□  Reference  6  -Simulator 
(Pilots  1/ 7/8/9) 

O  Reference  6  -  Navion 

(Pilots  1/3,  High  Gain  SAS) 
A  Reference  10 
(Pilots  A/B) 

<£>  Reference  14 
Gf  QSRA  Pilot  A  (Reference  10) 
PR  (calm  air) 

o 

PR  (turbulanca) 


Figure  13.  Pilot  Rating  Data  for  Flare  and  Landing  with  Throttle 

(from  Reference  3) 
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SECTION  IV 


DEVELOPMENT  OF  PRECISION  LANDING  CRITERIA 

A.  DATA  SOURCES 

The  data  utilized  to  develop  and  substantiate  the  proposed  require¬ 
ments  (Section  III-A)  consisted  of  a  recent  ln-flight  simulation  of 
flared  landings  using  the  USAF/Calspan  Total  In-Flight  Simulator  (TIPS, 
Reference  2),  and  a  moving-base  simulation  of  STOL  landings  conducted  on 
the  USAF  Large  Amplitude  Multimode  Research  Simulator  (LAMARS)  (see 
Appendix  A).  The  data  from  a  fixed-base  simulation  of  fighter  STOL 
landings  (Reference  17)  were  also  considered,  but  not  analyzed  exten¬ 
sively  as  the  details  of  the  dynamics  of  the  configurations  (transfer 
functions)  were  not  available.  A  second  TIFS  approach  and  landing  study 
was  conducted  as  a  follow-on  to  the  Reference  2  experiment.  These  data 
are  discussed  only  briefly  as  they  were  unofficially  received  (in  raw 
and  incomplete  form)  just  as  this  report  was  being  completed. 

B.  PILOT-VEHICLE  ANALYSIS 

In  this  section,  the  well-developed  theories  of  pilot-vehicle  analy¬ 
sis  and  the  associated  crossover  model  are  applied  to  formulate  poten¬ 
tial  parameters  to  predict  handling  qualities  for  precision  landings 
with  pitch  attitude.  Piloted  control  of  flight  path  has  been  studied 
extensively  using  both  the  series  and  parallel  pilot  models  shown  in 
Figure  14.  The  detailed  characteristics  of  attitude  and  flight  path 
control  for  series  and  parallel  pilot  models  is  analyzed  in 
Reference  18,  which  shows  that,  from  a  purely  dynamic  standpoint,  the 
series  structure  is  preferred  if  lead  is  required  to  stabilize  pitch 
attitude,  and  the  parallel  structure  is  best  if  lag  is  utilized  by  the 
pilot  in  the  attitude  loop.  Some  other  factors  that  determine  which 
structure  the  pilot  actually  adopts  are: 

•  the  required  bandwldths  of  the  attitude  and  path 
loops.  If  u »  iifcu  the  pilot  is  more  likely 
to  adept  a  series  strategy  than  if  . 


30 


Series  Pilot  Model 


Parallel  Pilot  Mode! 


Figure  14.  Series  and  Parallel  Forms  of  the  Pilot  Model 
for  Piloted  Path  Control 
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•  the  pitch  attitude  augmentation,  e.g.,  the  amount 
of  stabilization  that  must  be  supplied  by  the 
pilot.  If  attitude  is  inherently  well  stabi¬ 
lized,  the  pilot  may  be  prone  to  closing  the  Y 
loop  directly,  with  only  intermittent  attention 
to  attitude  control. 

•  the  flight  path  response  to  longitudinal  control¬ 
ler.  If  the  y/6  response  does  not  require  sig¬ 
nificant  equalization,  the  pilot  will  be  more 
prone  to  controlling  Y  directly  (parallel)  rather 
than  through  9  (series). 

The  key  parameters  that  govern  the  flying  qualities  for  approach  and 
landing  depend,  to  some  extent,  on  which  form  of  the  model  is  assumed. 
Therefore,  the  approach  taken  herein  has  been  to  attempt  correlations 
with  the  pilot  rating  data  with  variables  that  derive  from  both  the 
series  and  parallel  forms  of  the  pilot  model.  Before  proceeding  with 
these  correlations,  it  is  necessary  to  develop  the  generic  characteris¬ 
tics  of  attitude  and  flight  path  control  for  the  most  common  types  of 
attitude  augmentation,  i.e.. 

•  Conventional  response  with  improved  dynamics, 
i.e.,  angle-of-attack  plus  pitch  rate  feedback. 

•  Rate  cainmand/attitude  hold  (RCAH). 

•  Attitude  command/attitude  hold  (ACAH). 

Conventional  attitude  and  flight  path  response  characteristics  are 
obtained  when  angle-of-attack  and  pitch  rate  are  employed  as  feedbacks. 
The  pitch  attitude-to-longitudinal  controller  transfer  function  for  such 
conventional  responses  is  given  as  (see  References  19): 


^7 


M6e9  (l/T6l)(l/T02)* 
l  £p  ^ )  I  ^s  p  ^  p  1 


^Notation:  (i/T)  ♦  (s  +  1/T);  [£w]  +  [s^  +  25<*>s  +  w^] 
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Virtually  all  existing  fly-by-wire  aircraft  (for  example  the  F-16, 
Space  Shuttle,  X-29)  utilize  a  rate-command-type  augmentation  with  a 
parallel  integrator  in  the  forward  loop,  which  provides  an  attitude  sig¬ 
nal  to  supply  the  required  stiffness,  and  attitude  hold.  A  block  dia¬ 
gram  and  generic  root  locus  plot  for  a  statically  unstable  aircraft, 
showing  the  effect  of  increasing  the  loop  gain  on  the  closed-loop  roots 
for  RCAH  augmentation,  is  given  in  Figure  15.  When  the  gains  are  suffi¬ 
ciently  high,  so  that  the  poles  effectively  drive  into,  and  therefore 
cancel,  the  zeros,  the  aircraft  is  referred  to  as  being  superaugmented 
(see  Reference  20).  It  is  noteworthy  that  the  dominant  second-order 
pole  (u' )  circles  the  1/T^  zero  so  that  the  pitch  attitude  bandwidth  is 
set  by  1/Tq. 

Attitude  command/attitude  hold  (ACAH)  represents  a  viable,  albeit 
less  popular,  augmentation  scheme.  The  generic  system  survey  character¬ 
istics  of  the  loop  closure  for  ACAH  are  illustrated  in  Figure  16. 

The  angle-of-attack  and  flight  path  angle  responses  resulting  from  a 
change  in  pitch  attitude  are  well  approximated  as  follows: 

a  .  I  ^p^l 

0  "  "Cl/TSj  jU/Te2) 

y  .  ZdeU/TYl)(l/TY2)(l/TY3)  >  j 

0  "  'UoMTU/Te^fl/T^J  "  WTe^T 

Using  these  approximations  the  9/  ^es  >  y/f>es,  and  a/6es  transfer  func¬ 
tions  can  be  approximated  with  the  results  shown  in  Table  2.  The 
generic  characteristics  of  the  frequency  and  time  responses  of  attitude, 


*The  effect  of  1/TV  and  I/Tv 

y2  y3 

important  effect  and  is  ignored  here 
ferent  response-types.  (See  Section 
sion. ) 


accounts  for  Zx  .  This  can  be  an 
e 

only  to  allow  a  comparison  of  dif- 
IV-D  for  a  more  detailed  discus- 
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I  Denotes  closed  loop  roots  -  labeled  as  prime 

Roots  on  real  axis  are  labeled  as  prime  of 
zero  they  are  driving  into 

q  KqTqMSe(l/T01HI/Te2)(l/Tq}  >  KqTq  MSe(l/Tq) 

Tc  (i/Tg,  Hi/Tes.)  15'  w']  '  [£'  u.'] 

Shorthand  Notation :  (l/T)  =c>  (s+  l/T) 

[£  w]  =c>  [s2+  2£ws  +  w2] 

Figure  15.  Generic  Rate  Command/Attitude  Hold  (RCAH) 
Loop  Closure  Characteristics 
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Q_  _  Kg  Mge(l/Tg,  )(I/Tg2)  .  KgMge 
Sc  '  (l/Tg,  HI/TjjtKV]  ‘  [£V] 


Figure  16.  Generic  Attitude  Command/ Attitude  Hold 
(ACAH)  Characteristics 


TABLE  2.  APPROXIMATIONS  FOR  ATTITUDE,  ANGLE-OF-ATTACK 
AND  FLIGHT  PATH  ANGLE  TO  PITCH  CONTROL  INPUT 
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Note:  ( 1/T)  ->  (s  +  1/T) 


* 


E 


flight  path  angle,  and  angle-of-attack  for  each  of  the  augmentation 
schemes  discussed  above  are  presented  in  Figure  17. 

The  following  observations  can  be  made  from  Figure  17  regarding 
flight  path  control  with  pitch  attitude. 

•  The  slopes  of  the  Y  and  9  frequency  response  asymp¬ 
totes  are  equal  below  1/T02,  and  differ  by  20  dB/ 
decade  (Y  lags  9)  above  1/TQ^  for  all  attitude 
augmentation  schemes,  i.e.,  Y/9  =  I/CTq^s  +  1). 

•  The  bandwidth  of  9/  ^es  depends  on  oj'  and  1/Tq~  (or 

1/Tq  for  RCAH).  1 

•  The  bandwidth  of  y/ $es  depends  on: 

“sp  f°r  conventional  response-type  (Figure  17a). 

—  (o'  and  ( 1/T„  -  1/Te  )  for  RCAH  (Figure  17b). 

Note  that  Y/oes  is  K/s2  between  I/Tq^  and  1/Tq. 

—  (o'  and  1/T02  for  ACAH  (Figure  17c). 

•  The  angle-of-attack  response  to  a  step  pitch  con¬ 
troller  input  looks  like: 

—  a  step  for  conventional  response-types. 

—  a  step  for  RCAH  response-types  when 
1/TQ2  -  1/Tq. 

—  a  ramp  for  RCAH  response-types  when 
1/Tq2  «  l/Tq. 

—  a  step  with  some  initial  overshoot  for  ACAH 
response-types. 

The  attitude  and  altitude  bandwidths  (<»>bwq  and  used  in  this 

report  are  based  on  the  definition  established  in  References  1  and  3. 
That  is,  the  bandwidth  is  defined  as  the  frequency  at  which  the  phase 
margin  is  45  degrees  or  the  gain  margin  is  6  dB,  whichever  is  less,  see 
Figure  2.  The  basis  for  this  metric  is  that  it  is  representative  of  the 
maximum  frequency  (or  equivalently  maximum  gain)  at  which  the  pilot  can 
close  the  loop  without  threatening  stability,  with  zero  lead  equaliza¬ 
tion.  This  definition  of  bandwidth,  when  applied  to  pitch  attitude, 
correlates  the  pilot  rating  data  very  well  in  Rtf«»rences  1  and  3,  but 


37 


FREQUENCY  RESPONSE 
AMPLITUDE  ASYMPTOTES 


RESPONSES  TO 
STEP  Se8  INPUT 


a)  Conventional  Airplane  Response  (equivalent  systems 
valid  for  this  response -types) 

Figure  17.  Generic  Characteristics  of  Common  Airplane  Response  Types 
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Figure  17.  (Continued) 


FREQUENCY  RESPONSE  RESPONSES  TO 

AMPLITUDE  ASYMPTOTES  STEP  Ses  INPUT 


u 

c)  Attitude  Command /Attitude  Hold  (AC AH) 


Figure  17.  (Concluded) 
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was  shown  to  be  somewhat  unsuccessful  in  the  flared  landing  study  of 
Reference  2.  Reference  2  represents  the  first  set  of  flight  test  land¬ 
ing  data  where  the  attitude  and  flight  path  responses  were  systemati¬ 
cally  varied.  In  Reference  1,  the  flight  path  response  characteris¬ 
tics  (l/Tg^)  were  unchanged  for  each  set  of  data  so  that  pitch  attitude 
bandwidth  correlated  the  data  from  any  one  experiment.  Not  surpris- 
ingly,  it  is  necessary  to  account  for  the  bandwidth  of  the  attitude  and 
altitude  loops  to  correlate  data  in  experiments  where  both  of  these  var¬ 
iables  are  varied,  such  as  Reference  2.  This  approach  was  taken  in 
developing  handling  qualities  criteria  for  STOL  aircraft  in  Reference  3, 

where  the  parameter  (i/Tq  )  was  suggested  as  representative  of  the 

2  eff 

path  control  bandwidth  based  on  the  series  pilot  model  (Figure  14). 
Both  attitude  and  path  control  were  taken  into  account  in  Reference  21 
(an  analysis  of  the  Reference  2  data)  where  a  constant  25°  pilot  atti¬ 
tude  lead  equalization  was  assumed  to  form  the  inner  loop  closure,  and 
the  outer  loop  bandwidth  (Neal-Smith  definition)  was  used  as  a  correlat¬ 
ing  parameter  with  good  results. 

Based  on  the  generic  Bode  asymptotes  in  Figure  17,  and  the  series 
and  parallel  pilot  models  in  Figure  14,  the  following  parameters  were 
picked  as  potential  handling  qualities  criteria  for  precision  flare  and 
landing. 

•  “bWq  —  This  parameter  defines  the  bandwidth  of 
the  attitude  loop  (see  Figure  2)  and  has  a  direct 
influence  on  the  bandwidth  of  the  path  control 
loop  for  the  series  or  parallel  pilot  model 
(i.e.,  is  a  strong  function  of  u>' ). 

•  1/T02  —  Defines  the  lag  between  attitude  and 
flight  path  as  shown  by  the  following  approxima¬ 
tion  (assuming  M$es  is  large  compared  to  z6eg)! 


I  ’  1 

9  "  Te2s  +  1 


For  cases  where  the  above  approximation  does  not 
hold,  an  effective  value  of  1/T02  was  defined  in 
Reference  3  as  the  frequency  where  1  lags  9  by 
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45  deg,  (l/T02 )ef f •  This  was  illustrated  in 
Figure  3,  taken  from  Reference  3. 

•  UfMy  —  Defines  the  bandwidth  (Figure  8  defini¬ 
tion)  of  the  flight  path  response  to  longitudinal 
controller  inputs.  This  parameter  is  most  physi¬ 
cally  significant  when  the  parallel  pilot  model 
is  employed,  i.e.,  pilot  controls  Y  directly 
with  6es  rather  than  through  attitude,  see 
Figure  14. 

•  (l/Tq  -  I/T82)  —  Defines  the  region  where  y/6e8 
is  K/s2  if  I/T82  <  l/Tq.  Based  on  the  crossover 
model  defined  in  pilot-vehicle  analysis  theory 
(see  for  example  Reference  22),  the  pilot  equal¬ 
ization  will  consist  of  a  lead  at  1/T02  and  a  lag 
at  l/Tq  where  the  quasi-linear  pilot  model 
assumed  is: 


Y 


P 


Kpe"TP8 


(TLs  +  1) 
(Tl8  +  1) 


Reference  22  indicates  that  the  pilot  will  always 
equalize  so  that  Y/$es  ■  K/s,  and  if  this 
requires  a  lead  zero  (1/TL)  at  leas  than  1  sec, 
Level  2  pilot  ratings  are  expected  to  occur. 

•  Shape  of  the  a  response  —  The  existence  of  a 
region  of  K/s2  in  the  Y/$es  response  corresponds 
to  a  region  of  K/s  in  the  a /6eg  response  (see 
Figure  17b).  In  the  time  domain,  this  represents 
a  monotonlcally  increasing  response  to  a  step  6es 
input.  Therefore,  if  the  angle-of-attack  ramps 
in  response  to  a  step  longitudinal  controller 
input,  a  significant  region  of  K/s2  in  the  Y/$es 
response  is  indicated;  whereas  if  a  responds  as  a 
step,  Y/5e8  has  the  desired  K/s  shape  in  the 
region  of  piloted  crossover.  These  characteris¬ 
tics  are  shown  generlcally  in  Figure  18  for 
several  values  of  l/Tq  and  1/T ©_ .  The  long-term 
ramping  is  due  to  the  phugoid  aria  is  of  no  conse¬ 
quence  unless  the  phugoid  frequency  is  unusually 
high.  If  1/T 02  is  large  (say  greater  than  1.0), 
the  region  of  K/s2  will  occur  above  the  crossover 
region  for  path  control  (about  0.3  to  1.0  rad/ 
sec)  and  will  be  of  little  consequence.  Inter¬ 
estingly,  the  short-term  a  response  also  looks 
like  a  step  for  such  cases  regardless  of  l/Tq 
(e.g.,  Figure  18b).  In  summary,  a  step-like 
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b)  t/Td2  --  f.O(RCAH) 


Figure  18.  Generic  Angle-of-Attack  Responses 


short-term  a  response  appears  to  be  a  good  indi¬ 
cator  that  Y/5es  i®  the  desired  K/s  in  the  region 
of  piloted  crossover  for  flight-path  control. 

C.  CORRELATIONS  WITH  PILOT  RATING  DATA 


The  physical  implication  of  the  series  pilot  model  is  that  the  pilot 
uses  pitch  attitude,  6,  as  a  controller  for  flight  path  angle,  Y* 
Figure  14.  On  this  basis,  it  would  be  expected  that  the  handling  quali¬ 
ties  for  precision  flight  path  control  tasks  would  depend  on  good  atti¬ 
tude  control,  6/6es,  and  a  rapid  path  response  to  changes  in  pitch  atti¬ 
tude,  y/0*  The  STOL  handling  qualities  criteria  proposed  in  Reference  3 
are  based  on  this  premise  and  involve  limits  on  the  pitch  attitude  band¬ 
width,  WoW„,  and  effective  flight  path  lag,  (1/Tq„)  .  The  pilot  rat- 

0  4  ef  f 

ing  data  from  the  flared  landing  experiment  performed  on  the  TIFS 

(Reference  2)  is  plotted  on  a  grid  of  “bwq  vs*  U/Tqj)  ^  in  Figure  19. 
These  parameters  do  not  provide  an  obvious  separation  between  regions  of 
good  and  bad  pilot  ratings.  It  is  notable  that  the  cases  with  a  mono- 
tonically  increasing  response  to  a  step  6gs  (filled  symbols)  are  consis¬ 
tently  rated  poorly,  a  clue  that  the  pilot  is  interested  in  the  Y/$es 

response  without  an  inner  attitude  loop  closure.  Recall  that  y/5__  is 

c  s 

2 

K/s2 * 4  in  the  region  of  piloted  crossover  if  the  short-term  o  response  to 
a  step  6efj  is  monotonically  increasing  during  the  first  five  seconds. 
The  angle-of-attack  responses  for  all  the  Reference  2  configurations  are 
sketched  in  Figure  20. 


Rased  on  the  poor  correlation  with  (l/Te0)  and  noting  that  the 

4  eff 

pilot  must  be  able  to  quickly  stabilize  pitch  attitude  (i.e.,  both  u>|jvjy 
and  “>bwq  are  important),  the  pilot  ratings  were  plotted  on  a  grid 
of  ^Wy  vs.  “bwq  with  the  results  shown  in  Figure  21.  With  only  a  few 
exceptions,  these  parameters  separate  the  Level  1  and  Level  2  configura¬ 
tions.  Other  important  observations  from  Figure  21  are: 


•  n>BWy  increases  monotonically  with  for  cases 

where  Y/5esJ  is  K/s  in  the  region  of  piloted 
crossover  (0.3  to  1  rad/sec)  (open  symbols).  All 
of  these  cases  have  a  short-term  step  a  response 
to  a  step  6es  input  (see  Figure  20). 
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Figure  20.  Angle-of-Attack  Responses  to  Step  iSes  from  Reference  2 
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FLgure  21.  Pilot  Rating  Correlations  with  (1/T02)  and 
Reference  1  Flared  Landing  Experiment6* * 


•  Cases  with  a  K/s2  frequency  response  in  the 
region  of  piloted  crossover  (solid  symbols) 
exhibit  lower  WBWy  and  degraded  pilot  ratings. 
All  of  these  cases  have  a  short-term  ramp-like 
(or  monotonically  increasing)  response  to  a 
step  6es  input. 


•  Changing  from  RCAH  to  ACAH  (square  symbols)  at 
essentially  constant  results  in  an  increase 

in  u>gu  (note  that  adding  a  fourth  "one"  to  the 
configuration  number  designates  an  ACAH  response- 
type,  i.e.,  configuration  6-2-1  is  RCAH  and 
6-2-1-1  is  ACAH).  Except  for  one  case  with  a 
very  low  “Hwq*  all  the  ACAH  cases  are  rated 
either  Level  1,  or  barely  Level  2  (HQR  =  4). 


A  moving-base  simulation  experiment  was  conducted  by  the  USAF  Flight 
Dynamics  Lab  (FIGC)  on  the  Large  Amplitude  Multimode  Research  Simulator 
(LAMARS)  in  direct  support  of  the  research  reported  herein  (the  config¬ 
urations  were  selected  from  the  test  plan  in  Section  V).  The  simulation 
task  consisted  of  approaches  to  a  130-ft  by  1500-ft  runway  with  an 
approach  speed  of  130  kts  —  representative  of  a  nonpowered-lift  fighter 
STOL  concept.  The  cockpit  resembled  a  fighter  aircraft,  and  the  pilot 
was  supplied  with  a  head-up  display  (HUD),  which  included  an  inertial 
velocity  vector  symbol  (i.e.,  flight  path  angle  was  displayed  directly 
to  the  pilot).  The  pilots  were  instructed  to  minimize  the  flare  during 
landing  and  the  performance  limits  for  longitudinal  touchdown  location 
were  plus  or  minus  75  ft  (desired)  and  plus  150  ft  or  minus  100  ft  (ade¬ 
quate).  The  resulting  pilot  rating  data  are  plotted  on  a  grid  of  i»>bv70 
vs.  *n  Figure  22.  The  results  agree  quite  well  with  the 
Reference  2  data  in  Figure  21,  and  all  of  the  conclusions  drawn  above 
are  equally  applicable  here. 

Once  a  K/s  response  in  Y/$eg  is  assured  (i.e.,  u  is  essentially  a 
step  for  the  first  5  sec  following  a  step  longitudinal  controller  input) 
for  the  data  examined  in  Reference  2  and  Appendix  A,  the  pilot  rating 
data  correlate  quite  well  with  pitch  attitude  bandwidth,  as 
illustrated  in  Figures  23b  and  23c  where  all  such  cases  are  plotted  on  a 
grid  of  ,‘)BVf0  vs*  pilot  rating. 
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Figure  22.  Fighter  STOL  Simulation  Data  (LAMARS  Appendix  A) 
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Figure  23.  Correlation  of  with  Pilot  Rating 
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While  the  pilot  rating  levels  are  quite  well  separated  in 
Figures  21,  22,  and  23,  there  are  some  anomalous  points  which  are  dis¬ 
cussed  below. 

•  Configuration  4-3-7  (from  Reference  2)  was  rated 

a  7  by  Pilot  B,  and  falls  in  a  region  of  pilot 
ratings  of  between  2  and  5  in  Figure  21 

(«fcW0  =  2.5  rad/sec,  <%w  =  0.8  rad/sec.)  Pilot 

B  also  rated  configuration  1-3-7  (below  4-3-7)  a 
7.  These  configurations  are  very  similar  in  that 
they  only  differ  by  a  lead/lag  prefilter  designed 
to  cancel  the  effects  of  the  1/Tq  and  I/Tq- 
separation  (effectively  eliminating  the  K/s* 
region  in  Y/6es).  Since  1/Tq2  =  1.0  and 

1/Tq  =  2.0  we  would  expect  very  little  effect  due 
to  this  prefilter.  This  is  supported  by  a  strong 
similarity  in  the  0,  a,  and  Y  time  histories  as 
well  as  close  values  of  and  .  It  is 

suggested  in  Reference  2  that  configuration  4-3-7 
be  considered  an  anomalous  point  as  it  “falls  way 
out  in  left  field”  with  all  criteria  attempted. 

It  would  seem  that  either  both  of  these  evalua¬ 
tions  by  Pilot  B  are  valid,  or  both  are  invalid. 

Since  both  of  these  configurations  h^ve  K/s2 
asymptotes  in  Y/<Ses>  between  1.0  and  2.0  rad/sec 
(l/T 02  and  1/Tq),  it  is  suspected  that  Pilot  B 
utilizes  a  more  aggressive  path  tracking  tech¬ 
nique  in  the  flare  than  that  of  Pilot  A  (who 
rated  1-3-7  a  3  and  4  and  did  not  fly  4-3-7). 

Based  on  this  interpretation,  the  final  criterion 
should  require  a  K/s  asymptote  in  Y/5es  out  to 
1.5,  or  even  2  rad /sec  to  accommodate  pilots  such 
as  Pilot  B.  Interestingly,  both  of  these  config¬ 
urations  exhibit  a  distinctly  non-step-like 
short-term  a  response  to  a  step  6es  input  (see 
Figure  20). 

•  Pilot  A's  evalution  of  configuration  8-2-5-1 
(ufeWQ  =  1/2  rad/sec,  ufcu  1  0.6  rad/sec  on  Figure 
21)  (HQR=7)  was  considered  invalid  by  the  safety 
pilot  due  to  pilot  technique.  However,  as  noted 
on  Figure  23c,  the  pilot  comments  were  consistent 
with  a  low  pitch  attitude  bandwidth,  which  is 
certainly  a  feature  of  that  configuration.  A 
review  of  the  same  pilot's  comments  for  8-3-5-1 
(HQR=3)  reveals  impending  problems  with  control 
of  attitude  and  flight  path,  albeit  still  good 
enough  to  be  Level  1.  These  results  are 
interpreted  to  mean  that  attitude  bandwidth 
approaches  a  limiting  value  in  the  region  of  1.2 
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to  1.3  rad/sec  for  ACAH  response-types  (see 
Figure  23c). 

•  Configuration  6—1— 1—1  is  rated  as  a  3  but  falls 
in  a  region  of  Level  2  ratings  in  Figure  21 
(ufcW9  =  1*9  rad/sec,  ofcu  =  0.6  rad/sec).  How¬ 
ever,  it  has  a  step-like Tshort-term  a  response  to 
a  step  6es  input  and  would  pass  a  criterion  based 
on  that  rather  than  flight  path  bandwidth.  In 
addition,  the  Bode  asymptotes  are  K/s  from  0.38 
to  2.27  rad/sec,  i.e.,  well  beyond  the  region  of 
piloted  crossover. 

The  fact  that  (l/To  )  does  not  correlate  the  pilot  rating  data 

*  eff 

for  the  precision  landing  tests  in  Reference  2  and  Appendix  A  does  not 
eliminate  it  as  an  important  flying  qualities  parameter.  Clearly,  it  is 
important  when  the  pilot  adopts  a  series  strategy  such  as  for  ILS  or 
visual  glide  slope  tracking.  In  this  case,  the  bandwidth  of  the  inner 
attitude  loop  is  much  greater  than  that  for  the  outer  path  loop  (1.5  to 
2  vs.  approximately  0.3  rad/sec).  Such  a  wide  separation  in  frequency 
allows  the  pilot  to  spend  most  of  his  time  on  attitude  with  occasional 
corrections  in  flight  path  resulting  in  an  effectively  simultaneous  clo¬ 
sure.  That  is,  the  dynamics  oi!  the  flight  path  response  are  effectively 
in  the  presence  of  a  closed  attitude  loop.  If  the  bandwidth  of  the 
flight  path  loop  approaches  that  of  the  attitude  loop,  the  pilot  will 
have  a  difficult  time  simultaneously  closing  both  loops  and  will  proba¬ 
bly  pay  attention  to  attitude  only  as  required  for  stabilization.  The 
generic  effects  of  flight  path  control  with  and  without  an  inner  atti¬ 
tude  loop  closure  are  shown  in  Figure  24.  The  shape  of  the  y/6  fre- 
quency  response  is  always  K/s  in  the  presence  of  a  continuous  attitude 
loop  closure,  because  it  is  equivalent  to  an  ACAH  response-type  where 
the  pilot  supplies  the  attitude  feedback.  Clearly,  the  pilot  will  close 
a  continuous  attitude  loop  whenever  possible,  but  in  some  cases,  this 
may  be  beyond  his  capability.  Hence  it  is  important  to  require  Level  1 
values  of  and  ( 1/T )  . 
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0.  FORMULATION  OF  CRITERIA 


Based  on  the  data  correlations  discussed  above,  the  flight  path  con¬ 
trol  criteria  for  precision  landings  should  have  the  following  essential 
features. 

1.  The  Y/5es  response  should  be  K/s  in  the  region  of 
piloted  crossover  for  flare  (on  the  order  of  0.5 
to  2  rad/sec),  and  should  have  adequate  band¬ 
width. 

2.  There  must  be  adequate  energy  available  to  modify 
the  flight  path  with  pitch  attitude  (this  has  not 
been  discussed  here,  but  it  is  an  obvious 
requirement,  as  described  in  Reference  10). 

3.  Ideally,  the  attitude  response-type  should  be 
attitude  command/attitude  hold. 

4.  The  lag  between  attitude  and  flight  path 

( 1 /T q  )  must  not  be  excessively  large. 

*■  eff 

The  first  of  these  requirements  is  generally  satisfied  if  the  bandwidth 
of  the  attitude-to-longitudinal  controller  is  at  least  2.5  rad/sec  and 
the  short-term  (five  seconds)  angle-of-attack  response  to  a  step  longi¬ 
tudinal  controller  input  is  a  step  (see  Figure  23).  This  form  of  the 
criterion  results  in  very  good  correlation  with  the  Reference  2  and 
Appendix  A  pilot  rating  data  as  illustrated  in  Figures  23b  and  23c. 
Based  on  comparisons  with  the  generic  variations  in  the  angle-of-attack 
response  with  the  shape  of  the  y/6„_  frequency  response  (see,  for  exam- 
pie,  Figure  18),  it  appears  that  the  step  response  in  a  should  reach 
zero  slope  (a  »  0)  in  less  than  five  seconds.  The  criterion  is  worded 
to  reflect  this  by  requiring  zero  slope  in  less  than  five  seconds  in 
addition  to  exhibiting  the  general  characteristics  of  a  stop  response  in 
that  time  period.  Possible  deficiencies  in  this  criterion  are  that  bor¬ 
derline  cases  (nearly  zero  slope)  could  be  acceptable  but  fall  the  cri¬ 
terion  (such  as  the  case  with  l/T^  -  1.5  and  I/Tq^  »  1  in  Figure  18b), 
or  an  unusual  Y  numerator  zero  could  result  in  a  lack  of  correspondence 
between  the  step  a  time  response  and  the  -20  dB/decade  slope  in  the 
Y/S  frequency  response.  Both  of  these  deficiencies  would  be  circum- 
vented  by  specifying  a  minimum  level  of  u>ny^.  For  this  reason  is 
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specified  as  an  alternate  criterion.  It  Is  not  specified  as  the  primary 
criterion  because  It  tends  to  be  overly  conservative,  and  because  it  is 
significantly  more  difficult  to  measure  than  the  angle-of-attack.  time 
response  to  a  step  longitudinal  controller  input. 

A  Level  1  limit  of  >  0.8  rad/sec  was  established  (for  the 
secondary  criterion)  based  on  the  data  in  Figures  21  and  22.  While  it 
was  tempting  to  specify  a  lower  value  of  for  attitude  command/ 
attitude  hold  (ACAH)  than  for  rate  command/attitude  hold  (RCAH),  such  a 
relaxation  would  only  be  supported  by  two  data  points  (Configura¬ 
tions  6—1— 1—1  and  8-3-5-1).  Specifying  a  step  a  response  (as  the  pri¬ 
mary  criterion)  circumvents  this  issue  to  some  extent,  although  it  shows 
up  indirectly  in  the  specification  of  the  minimum  pitch  attitude  band¬ 
width.  That  is,  the  data  correlations  in  Figure  23  would  support  a 
lower  “bwo  f°r  ACAH  than  for  RCAH  (and  *s  8  function  of  ^bwq  as 
long  as  the  a  response  is  a  step) . 

The  effect  of  an  unusual  Y  numerator  is  discussed  in  the  following 
subsection. 

The  change  in  pitch  attitude  required  to  accomplish  the  flare  (or 
flight  path  corrections  for  no-flare  landings)  should  not  be  excessive, 
and  minimum  acceptable  values  may  be  derived  from  the  Reference  10  data 
repeated  in  Figure  25.  If  no-flare  landings  are  specified,  acceptable 
pilot  ratings  would  be  expected  for  somewhat  reduced  values 
of  Ay  max/A9gs.  However,  such  a  relaxation  is  not  recommended  since 
substantiating  data  is  not  available,  and  moderate  changes  in  flight- 
path  angle  may  be  required  for  recovery  from  off-nominal  conditions  and/ 
or  regulation  against  a  windshear. 

The  data  from  Reference  2  and  Appendix  A  show  a  clear  pilot  prefer¬ 
ence  for  attitude  command/attitude  hold.  However,  Level  1  ratings  are 
possible  with  rate  command /attitude  hold,  so  such  systems  must  be 
allowed. 


55 


REFERENCE  10 
□  CALM 
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Figure  25.  Energy  Required  for  Flare  with  Attitude 
(from  Reference  10) 


E.  WHY  NOT  LOWER  ORDER  EQUIVALENT  SYSTEMS? 

The  first  criterion  for  attitude  control  listed  in  the  proposed  MIL 
Handbook  (Reference  1)  is  based  on  a  Lower  Order  Equivalent  Systems 
(LOES)  criterion.  The  primary  advantage  of  this  criterion  is  that  it 
allows  the  use  of  the  existing  "control  anticipation  parameter"  (CAP) 
boundaries  from  MIL-F-8785B  or  C.  These  boundaries  are  based  on  varia¬ 
tions  in  classical  airplane  short  period  frequency  and  damping  from  var¬ 
iable  stability  NT-33  flight  tests.  The  lower  order  equivalent  form  is 
the  short  period  approximation  for  classical  airplanes  (see  Refer¬ 
ence  18),  with  the  addition  of  a  pure  time  delay  (Tg)  to  account  for 
high  frequency  lags.  As  discussed  in  Reference  1,  the  equivalent  values 
of  short  period  frequency  (w, ),  damping  (Ce),  *e  and  l/Tg  are 
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based  on  simultaneously  matching  pitch  rate  and  flight  path  to  the  fol¬ 
lowing  lower  order  forms. 


and 


q  (a  +  l/T02)e"Tes 

^es  s^  +  2?e(^s  +  a)g2 

"  Tq  s 

n£  Knze  °z 

^es  +  2Cewes  +  (^2 


Because  of  the  simultaneous  matching,  the  value  of  l/Tg^  is  preserved  as 
the  flight  path  lag,  and  is  effectively  fixed.  This  is,  of  course,  as 
it  should  be  since  the  CAP  criterion  is  based  on  attitude  (C4>  and  Co) 

n 

and  path  ( 1 /T q„  = — — ),  therefore,  freeing  l/T@9  without  consideration 
for  the  path  response  is  not  correct. 

The  problem  arises  when  the  higher  order  system  is  not  augmented  to 
look  like  a  classical  airplane.  Examples  of  this  are  given  below. 

•  Attitude  commar.d/attitude  hold  does  not  look  at 
all  like  the  classical  airplane  short-period 
approximation,  and  therefore  does  not  apply  to 
the  CAP  boundaries. 

•  Additional  modes  in  the  region  of  fitting  result 
in  misleading  and  erroneous  equivalent  values. 

This  is  discussed  in  detail  in  Reference  1,  where 
it  is  shown  that  such  additional  modes  resulted 
in  negative  values  of  Te,  and  indicated  (errone¬ 
ously)  a  need  to  increase  the  minimum  damping 
boundary  from  .35  to  .5.  This  is  a  result  of 
attempting  to  fit  a  response  which  is  fundamen¬ 
tally  higher  order  with  a  lower  order  function. 

The  mathematics,  knowing  nothing  about  handling 
qualities,  make  adjustments  to  <%,  Ce»  and  Te 
which  are  not  physically  meaningful,  even  though 
the  fit  between  the  lower  and  higher  order 
systems  may  be  excellent.  Results  such  as  a  neg¬ 
ative  Tg  are  obvious,  but  other  anomalous  varia¬ 
tions  in  and  Cg  are  usually  more  subtle,  and 
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could  easily  result  in  improper  Interpretations 
(such  as  increasing  the  lower  damping  boundary  in 
Reference  1,  or  see  Reference  37). 

•  The  use  of  LOES  for  RCAH  is  inappropriate  if 
1/T02  is  not  approximately  equal  to  1/Tq  (see 
Figure  15)  since  the  numerator  of  q/$  is  not 

the  same  as  the  flight  path  lag,  l/Te^.  e^The  fit¬ 
ting  routine  will  adjust  <%,  Cg  and  tg  to  account 
for  this  discrepency,  yielding  a  result  which  is 
not  in  accordance  with  the  basic  physics  of  the 
problem,  i.e. ,  it  is  not  correct  to  vary  Ce  and 
u)e  to  account  for  a  separation  between  l/Tg^  and 
1/T  .  Actually,  we  have  shown  that  a  wide 

separation  in  1/T02  and  1/T„  results  in  flight 
path  control  problems  (at  lease  in  the  flare) 
which  would  not  be  predicted  by  the  CAP 
boundaries. 

In  summary,  the  Lower  Order  Equivalent  Systems  criterion,  as  it  now 
exists,  only  applies  to  a  special  class  of  augmentation  where  the  higher 
order  airplane  has  classical  response  characteristics,  i.e.  ,  as  illus¬ 
trated  in  Figure  17a.  The  use  of  LOES  and  the  CAP  boundaries  for  any 
other  type  of  augmentation  is  risky,  as  illustrated  by  the  above  exam¬ 
ples.  Since  STOL  aircraft  are  rarely  augmented  to  look  like  a  classical 
airplane  (usually  have  pure  rate,  RCAH,  or  ACAH  augmentation),  the  LOES/ 
CAP  criterion,  in  its  present  classical  airplane  form,  is  not  appro¬ 
priate.  Some  consideration  was  given  to  developing  LOES  criteria  for 
RCAH  and  ACAH  augmentation,  but  there  was  insufficient  data  to  develop 
criterion  boundaries  (separate  boundaries  would  be  required  for  rate  and 
ACAK  response  types).  Furthermore,  th«s  bandwidth  criterion  does  not 
depend  on  the  form  of  the  response,  and  is  more  directly  suited  as  a 
criterion  for  highly  augmented  aircraft. 

F.  CONSIDERATION  OF  RECENT  DATA  FROM  TIFS 

A  follow-on  program  to  the  Reference  2  in-flight  simulation  has 
recently  been  completed.  Very  preliminary  data  were  provided  to  STI.  A 
complete  analysis  of  this  data  is  beyond  the  scope  of  the  present  study. 
However,  a  preliminary  examination  of  the  data  indicates  serious  dis¬ 
crepancies  with  the  criteria  developed  herein.  Of  particular  concern  is 
the  fact  that  several  configurations  with  a  monotonically  increasing 
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short-term  a  response  (to  a  step  6  input)  resulted  in  Level  1  ratings, 
while  other  configurations  with  a  short-term  step  a  response  were  rated 
Level  2.  A  repeat  configuration  (Configuration  1-2-2  in  Reference  2, 
and  Configuration  17  in  the  recent  study)  was  given  Cooper-Harper  pilot 
ratings  of  8  and  5.5  during  the  Reference  2  experiment  and  2, 3, 2, 4, 2  in 
the  recent  experiment  (from  five  different  pilots).  The  same  pilot  who 
rated  this  configuration  7  and  8  on  repeat  trials  the  first  time,  gave 
it  a  2  on  the  most  recent  evaluations.  A  very  conventional  configura¬ 
tion  (w  =  2  rad/sec,  Cor.  13  0.7,  1/Te_  =  0.91  rad/sec)  was  rated  6,6,3 
in  the  recent  tests,  whereas  a  similarly  conventional  configuration 
(7-1-4)  was  rated  3,2.5  during  the  first  series  of  tests.  One  area  of 
consistency  between  the  two  flight  test  experiments  was  the  fact  that 
ACAH  configurations  were  rated  Level  1,  further  verifying  the  robustness 
of  this  response-type  for  precision  landings. 


A  very  brief  analysis  was  conducted  in  an  attempt  to  identify  some 
fundamental  difference  between  the  configurations  in  the  two  experi¬ 
ment,  recognizing  that  the  tasks  and  experimental  scenarios  were  iden¬ 
tical.  It  was  found  that  the  Y  numerator  zeros  were  configured  in  an 
unusual  way.  That  is,  the  f light-path-angle-to-elevator  numerator 
usually  consists  of  a  low-frequency  zero,  which  is  in  the  right-half¬ 
plane  if  the  aircraft  is  on  the  backside  of  the  power-required  curve, 
and  two  approximately  symmetrical  high-frequency  zeros  on  the  real  axis 
for  aft  tails,  or  an  imaginary  pair  for  a  forward  tail  (or  an  equivalent 

v 

DLC).  The  approximate  factors  for  Nl  for  a  conventional  aft-tail  air- 

°e 

plane,  are  as  follows  (from  Reference  19). 


I8  +  y4(8  +  Tf~^8  +  T^") 

uo  tYi  rY2  tY3 


r-  =  -Xu  +  (Xa  -  g)  y- 
Y  i 


T*2 


1/2 


=  -  ^7—  ■  (M0  -  za) 
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Note  that  l/T^  a,K*  l/T Y3  depend  on  M^/Z^  and  can  take  on  relatively 
small  values  (near  the  region  of  crossover)  only  for  a  large  elevator 
with  a  relatively  small  tail  arm.  The  l/&e  numerators  for  the  configur¬ 
ations  in  Reference  2  are  relatively  conventional,  whereas  they  are 
somewhat  unconventional  in  the  configurations  developed  for  the  recent 
program.  Some  typical  values  are: 

•  Reference  2 


nT  =  -12.5(s  +  0.015)(s  +  2.4)(s  -  1.9)  Configuration  1-1-1 

°e 

-13.7(s  +  0.081)(s  +  2.57)(s  -  3.11)  Configuration  4-2-2 
-10.4(s  +  0.004)(s  +  3.08)(s  -  2.54)  Configuration  7-1-4 


•  Recent  flight  tests 


Ng  *  Ay(s)(s  +  0.95)(s  -  3.86)  Configuration  2 
=  Ay(s)(s  +  1.42)(s  -  4.45)  Configuration  5 

The  fact  that  1/Ty^  relatively  small  and  not  approximately  equal 

to  -  l/T^  for  Configurations  2  and  5  in  the  recent  study  invalidates 

the  relationship  established  between  a  short-term  step  a  time  response 

and  a  -20  dB/decade  slope  in  the  y/6  frequency  response.  This  is 

“  s 

demonstrated  in  Figure  26  for  Configuration  2  where  the  short-term  a 
time  response  is  a  ramp  (t  <  5  sec)  and  the  l/&es  frequency  response  is 


It  should  be  noted  that  these  values  were  calculated  from  prelimi¬ 
nary  unpublished  data  which  may  have  been  revised. 
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K/s.*  Two  pilots  rated  Configuration  2  Level  1  (Cooper-Harper  ratings 
of  3  and  3),  which  is  consistent  with  th°  basic  crossover  model  theory 
(Reference  22)  that  the  primary  requirement  is  for  a  K/s  response  in 
Y/6eg.  However,  this  is  confounded  by  a  third  pilot  who  rated  this  con¬ 
figuration  a  6.  This  third  pilot  "had  knowledge  of  the  configuration 
being  evaluated”  and  may  have  expected  problems  due  to  the  ramp  a  char¬ 
acteristics  of  this  configuration  based  on  preflight  discussions.  Since 
we  do  not  have  access  to  the  pilot  commentary,  it  is  not  possible  to 
take  them  into  account. 

It  is  not  clear  what  details  of  the  variable  stability  simulation 
resulted  in  such  an  unusual  separation  in  frequency  between 
and  1/Ty^,  or  if  such  a  value  is  physically  realizable.  This  is  of 
interest,  since  such  values  of  do  not  allow  the  convenience  of 

using  the  a  time  response  as  a  measure  of  the  shape  of  the  Y/6es  fre¬ 
quency  response,  i.e.,  the  proposed  primary  criterion  for  path  control 
is  invalid.  The  most  foolproof  alternative  is  to  require  measurement  of 
the  y/6  frequency  response  via  in-flight  frequency  sweeps  and  subse- 
quent  data  analysis  using  Fast  Fourier  Transforms.  Such  measurements 
could  be  used  to  simply  obtain  the  flight-path  bandwidth  and/°r  t0 

supply  the  slope  of  |  "y/  ^es  |  in  the  region  of  crossover. 

Configuration  5  from  the  recent  tests  represents  a  conventional  air¬ 
craft  which  would  be  expected  to  exhibit  Level  1  handling  qualities,  and 
yet  was  rated  6  by  two  pilots  and  3  by  a  third  pilot.  The  response 
characteristics  are  conventional  in  every  respect  (see  Figure  27  and 
compare  to  the  generic  conventional  response  in  Figure  17a).  The 
Reference  2  test  results  showed  that  such  conventional  aircraft  response 
characteristics  are  desirable  for  the  precision  landing  task  (Configura¬ 
tion  7-1-4  in  Figures  22  and  23). 

From  the  above  discussion,  it  can  be  seen  that  apparent  discrep¬ 
ancies  exist  between  the  most  recent  data,  the  proposed  criteria,  the 


numerator 


This  is  because  l/T^  appears  in  the  numerator  N 5es  but  not  in  the 
ator  N^s.  2 
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uigp  -2.  ,  £sp  =  .7  t  (jp  =  .10  ,  £p  =  .10  ,  HQR  -  6  /6/  3 
\/Tqz  =  .9  l/sec  ,  wBWfl  =  1.96  rad /sec  ,  wBWy=  1.25  rad/sec 


Figure  27.  Characteristics  of  Configuration  5  from 
Recent  TIFS  Flight  Tests 
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original  tests  from  Reference  2,  and  the  piloted  moving-base  simulation 
results  in  Appendix  A.  A  brief  review  of  the  new  data  suggests  that  an 
unusual  separation  in  frequency  between  1/Ty2  and  1/Ty^  explain  some 
of  these  results.  However,  the  wide  variation  in  pilot  ratings  for  the 
same  configuration  suggests  some  uncertainty  in  the  results.  Some  of 
this  may  be  explained  once  the  evaluation  pilot  and  safety  pilot  commen¬ 
tary  are  transcribed. 

One  may  also  conjecture  as  to  the  sufficiency  of  two  landings  as  a 
basis  for  evaluating  what  could  be  subtle,  yet  important  differences. 
Piloted  evaluations  of  landings  has  always  been  difficult  because  of  the 
variability  of  the  initial  condition  at  flare  initiation,  and  the  short 
exposure  to  the  critical  environment  (about  10  seconds  per  landing). 
Unfortunately,  the  limited  budget  afforded  handling  qualities  flight 
research  rarely  allows  sufficient  repeat  runs  to  identify  sometimes  elu¬ 
sive  deficiencies,  a  fact  which  may  be  responsible  for  the  above  dis¬ 
crepancies.  Interestingly,  experience  has  shown  that  the  worst  judge  of 
the  need  for  repeat  runs  is  usually  the  evaluation  pilot.  Forced  to 
accomplish  three  or  more  repeat  runs,  the  evaluators  will  invariably 
resist,  and  also  invariably,  will  identify  important  features  on  the 
repeat  evaluations  which  were  not  identified  during  the  first  few  runs. 
Given  a  limited  budget,  the  experimenter  is  caught  on  the  horns  of  a 
dilemma:  running  many  repeat  runs  limits  the  size  of  the  matrix,  and 
many  questions  remain  unresolved,  while  limiting  the  repeat  runs  results 
in  questionable  experimental  validity.  In  the  present  case,  most  of  the 
data  is  unavailable,  and  we  are  privy  to  only  partial  information.  How¬ 
ever,  it  does  appear  that  discrepancies  exist. 

G.  EFFECT  OF  AN  AUTOTHROTTLE 

Precision  flight  path  control  is  greatly  enhanced  by  the  use  of  an 
autothrottle  for  aircraft  where  (dy/dv)5T  _  const  *  0  (backside).  For 
example,  autothrottles  (Approach  Power  Compensators  or  APC)  are  commonly 
used  on  carrier-based  aircraft,  for  example,  see  Reference  23.  The  pri¬ 
mary  advantage  of  an  autothrottle  is  for  mid-to-low-frequency  airspeed 
control.  That  is,  the  pilot  is  relieved  of  the  task  of  controlling 
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airspeed  (or  angle-of-attack)  with  throttle  during  the  approach. 

Attempts  to  improve  the  flight  path  response  with  an  autothrottle  result 

in  excessive  engine  surging,  or  abrupt  longitudinal  accelerations  if 

thrust  is  modulated  via  reversers.  Hence,  the  autothrottle  will  have 

very  little  effect  on  the  precision  control  of  flight  path  for  short 

final  and  landing.  This  is  illustrated  for  two  typical  APCs  in  terms  of 

y/0  in  Figure  28  (taken  from  Reference  23).  Note  that  (1/T@  )  is 

*  eff 

unchanged  in  both  cases. 

Some  deficiencies  in  the  APCs  used  on  current  Navy  aircraft  are  dis¬ 
cussed  in  Reference  23  and  are  summarized  below. 

•  excessive  throttle  motions 

•  excessive  pitch  attitude  changes  required  to  make 

glide  slope  corrections  [low  [l/T0  )  ] 

^  eff 

•  excessive  control  sensitivity 

•  excessive  angle-of-attack  and  airspeed  excursions 

—  in  windshears 

—  during  turn  entry  and  exit 

—  during  glide  slope  intercept 

•  tendency  for  low  frequency  pilot-induced  oscilla¬ 
tions  on  glide  path 

It  would  require  a  substantial  research  effort  to  develop  handling  qual¬ 
ities  criteria  for  autothrottle  systems.  Since  no  such  efforts  are  cur¬ 
rently  planned,  the  development  of  satisfactory  systems  will  have  to  be 
accomplished  on  a  case-by-case  basis.  The  criteria  presented  in 
Section  III-A  (frontside  flight-path  control)  apply  with  or  without  an 
autothrottle,  since  they  relate  to  short-term  flight  path  control. 
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Figure  28.  Altitude  Rate  Response  to  Attitude  Inputs  With  and  Without  APC 
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Figure  28.  (Concluded) 


SECTION  V 


DEVELOPMENT  OF  STOL  SIMULATION  TEST  PLAN  AND  DISCUSSION 
OF  PROPOSED  CRITERION  PARAMETERS 


A.  INTRODUCTION 

A  significant  portion  of  this  research  has  been  devoted  to  identify¬ 
ing  gaps  in  the  data  base  that  prevent  the  development  of  STOL  handling 
qualities  criteria.  Configurations  were  formulated  as  elements  of  a 
comprehensive  test  matrix  for  piloted  simulation  (see  Appendix  B).  This 
involved  the  determination  of  airplane  characteristics  that  provided  a 
systematic  variation  in  proposed  longitudional  and  lateral  handling 
qualities  criterion  parameters.  A  computer  program  (Reference  24)  was 
developed  to  facilitate  this  process  by  calculating  a  wide  variety  of 
proposed  criteria,  given  the  augmented  airplane  transfer  functions.  The 
program  runs  on  a  DEC  POP  11/34  minicomputer  and  has  been  supplied  to 
FIGC  as  part  of  this  contract.  The  resulting  test  matrix  is  given  in 
Appendix  B  in  terms  of  transfer  functions.  A  portion  of  this  matrix  was 
accomplished  on  the  AFWAL/FIGC  LAMARS  moving-base  simulation  with  the 
results  presented  in  Appendix  A  and  discussed  in  Section  IV. 

In  the  remainder  of  this  section,  the  interrelationships  of  the 
proposed  criterion  parameters  with  each  other,  and  with  some  currently 
proposed  boundaries,  are  discussed. 

1.  Available  Data 

A  quite  comprehensive  review  of  STOL  handling  qualities  data  gener¬ 
ated  over  the  past  twenty  years  is  presented  in  Reference  3;  more  recent 
data  is  discussed  in  Sections  II  through  IV  of  this  report.  For  the 
most  part,  the  references  discussed  in  Reference  3  represent  data  for 
transport-class  (Classes  II  and  III),  powered-lift  aircraft.  This  is  a 
result  of  an  extensive  series  of  studies  performed  or  sponsored  by  the 
U.S.  FAA,  British  Civil  Aviation  Authority,  NASA,  and  other  organiza¬ 
tions,  in  the  mid-1970s  to  develop  airworthiness  standards  for  civil 
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STOL  aircraft.  In  addition,  the  U.S.  Air  Force's  Advanced  Medium  STOL 
Transport  (AMST)  program  in  the  same  time  period  led  to  simulation  and 
flight  testing  of  the  YC-14  and  YC-15  prototypes  (References  25  and  26), 
designed  to  comply  with  a  flying  qualities  specification  (Reference  16) 
that  was  based  largely  on  MIL-F-8785C. 

Only  recently  has  there  beer,  a  focus  on  nonpowered-lif t,  fighter- 
type  (Class  IV)  STOL  designs  (e.g.,  References  17,  27,  and  28).  And 
with  only  a  few  exceptions,  most  notably  References  29,  30,  and  31, 
there  has  been  almost  no  quantitative  investigation  of  lateral- 
directional  requirements  for  any  STOL  design. 

In  summary,  we  can  isolate  three  major  subjects  for  which  there  is  a 
glaring  lack  of  STOL  handling  qualities  data:  1)  fighter  STOLs;  2)  non- 
powered-lift  designs;  and  3)  lateral-directional  characteristics.  The 
first  two  subject  areas  are  typically  closely  related,  since  most  pro¬ 
posed  STOL  fighters  will  employ  a  minimum  of  lift  augmentation  from 
thrust. 

2.  Focus  of  the  Study 

The  analytical  study  described  in  this  section  was  conducted  to 
determine  the  interrelationship  between  the  various  handling  qualities 
parameters  proposed  in  this  report  and  elsewhere.  By  doing  so,  some 
insights  were  made  Into  many  of  the  unique  characteristics  of  the  STOL 
handling  qualities  criteria.  The  remainder  of  this  section  will  refer 
to  the  generic  configurations  documented  in  Appendix  B,  and  especially 
the  tables  of  handling  qualities  parameters,  Tables  B-l  and  B-2. 

B.  LONGITUDINAL  CRITERIA 

1.  Overview  of  Configurations 

A  total  of  forty-seven  different  longitudinal  configurations  were 

developed  (Appendix  B).  The  primary  response  variables  were:  response- 

type  (ACAH  vs.  RCAH);  attltude-to-f light-path  lag,  defined  here  in  terms 

of  the  parameter  (1/Tq„)  ;  pitch  attitude  and  flight  path  band- 

‘  eff 

width,  and  ;  time  delay,  represented  by  pure  incremental  delay; 
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long-term  flight  path  stability,  dy/dV  or  trev;  and,  for  the  RCAH 
response-types,  pitch  rate  overshoot.  Each  of  these  response  variables 
is  directly  related  to  one  or  more  of  the  longitudinal  STOL  criteria 
proposed  in  this  report.  Each  of  the  variables  is  discussed  in  more 
detail  in  the  following  subsections,  focusing  on  insights  gained  from 
systematic  changes  in  the  variables. 

2.  Pitch  Attitude  Bandwidth  and  Time  Delay 

Pitch  attitude  bandwidth,  was  varied  through  changes  in  con¬ 
trol  system  gains.  While  this  is  not  the  only  way  to  vary  bandwidth 
(for  example,  the  same  variations  could  be  obtained  by  modifying  the 
basic  aerodynamic  derivatives),  it  is  the  most  systematic,  and  most 
physically  realistic.  Four  values  of  pitch  attitude  bandwidth  were  cho¬ 
sen  for  the  ACAH  systems  (1.5,  3,  6,  and  10  rad/sec)  and  for  the  RCAH 
systems  (2,  4,  5,  and  8  rad/sec).  In  addition,  pure  incremental  time 
delay,  At,  was  added  in  the  forward  loop  for  selected  cases  (an  initial 
time  delay  of  12.5  msec  was  assumed  to  represent  delay  due  to  computa¬ 
tion).  The  primary  time  delay  variations  were  made  for  the  ACAH 
response-types. 

Figure  29  shows  the  sixteen  ACAH  cases  developed  for  variations  in 
bandwidth  and  time  delay.  Two  observations  can  be  made  from  this 
figure:  addition  of  a  moderate  amount  of  time  delay  (0.1  sec)  results 
in  a  10-20  percent  reduction  in  bandwidth,  while  further  increases  in 
delay,  up  to  0.2  sec,  do  not  significantly  reduce  bandwidth  further;  the 
effect  of  incremental  delay  on  the  phase  delay  parameter  Tp^  is  greater 
for  high-bandwidth  systems  than  for  low-bandwidth  ones.  Thus,  the 
higher  the  initial  bandwidth  the  more  effect  time  delay  will  have  on  the 
system. 

3.  Flight  Path  Lag  and  Time  Delay 

Variations  in  flight  path  lag  were  accomplished  by  modifying  the 
basic  stability  derivatives,  primarily  heave  damping,  Zv%  The  flight 
path  variations  in  Appendix  B  are  separated  based  on  values  of  the 
flight  path/pitch  attitude  lag,  (1/T0-)  ,  defined  in  Section  III.  The 

pf  f 
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Figure'  29.  Fffect  of  Incremental  Time  Delay  on 
,0nWft  nntl  TPfl  f°r  ACAH  Systems  (Appendix  B) 
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baseline  aircraft  has  (i/Ta.)  =  0.69  rad/sec;  additional  values  of 

2  eff 

0.44  and  0.86  rad/sec  were  chosen,  the  former  near  the  Level  1  limit  of 
0.38  rad/sec  in  Section  III  and  the  latter  representing  a  possible  opti¬ 
mum  value. 


Figure  30  summarizes  the  flight  path  bandwidth,  an<I  phase 

delay,  Tp^,  for  the  ACAH  and  RCAH  systems  of  Appendix  B.  The  effects 
of  <^>bw0,  time  delay,  ( 1  /T and  —  for  the  RCAH  cases,  Figure  30b 
—  pitch  rate  overshoot,  are  shown. 

For  the  ACAH  response-types  (Figure  30a),  pitch  attitude  bandwidth 

has  a  considerable  effect  on  both  Wgy^,  and  Tp^:  as  pitch  bandwidth  is 

increased,  flight  path  bandwidth  increases  and  delay  decreases.  Adding 

incremental  time  delay  results  in  a  significant  increase  in  flight  path 

phase  delay,  with  no  decrease  in  bandwidth  —  in  fact,  there  is  a  slight 

increase  in  bandwidth  with  time  delay.  Overall,  path/attitude 

lag,  (I/Tq  )  has  a  relatively  small  influence  on  Wjjy  compared  to 
2  eff,  ' 

either  pitch  attitude  bandwidth  or  time  delay. 

The  story  is  quite  different  for  RCAH  response-types,  however 

(Figure  30b):  increasing  pitch  attitude  bandwidth  from  2  to  8  rad/sec 

reduces  but  has  almost  no  effect  on  (Note  the  greatly 

expanded  scale  on  u)gy^  in  Figure  30b.)  There  is  an  almost  one-to-one 

relationship  between  flight  path  bandwidth  and  path/attitude  lag;  i.e. , 

doubling  (I/Tq  )  from  0.44  to  0.86  rad/sec  results  in  an  approximate 
2  eff 

doubling  of  u»gy^,  ly  far  raost  significant  effect  on  flight  path 

bandwidth  is  pitch  rate  overshoot:  the  high-overshoot  cases  (flagged 
symbols  in  Figure  30b)  have  path  bandwidths  about  twice  as  high  as  the 
corresponding  [in  terms  of  w^y^  and  ( 1  /T ©2 )  cases. 

These  trends  may  be  explained  in  terras  of  the  generic  characteris¬ 
tics  introduced  in  Section  IV.  Specifically,  the  flight  path  band¬ 
width,  is  not  a  strong  function  of  attitude  bandwidth,  ^Wq* 

because  I/Tq^  <<  I/Tq  (see  Figure  1 7b)  for  essentially  all  of  the  RCAH 
cases.  (The  higher  values  of  wgyg  are  obtained  by  increasing  1/T^, 
Appendix  B.)  The  pitch  rate  overshoot  cases  were  obtained  by  decreasing 
1/T^  so  that  1/Tq  =  1/T02>  resulting  in  a  much  higher  value  of 


feSBwy  ( rad /secr ) 


a)  AC  AH  Response -Types 

Fip.ure  30.  FI  iftht  Path  Bandwidth  Variations  (Appendix  B) 
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KiRure  30.  (Concluded) 


Interestingly,  time  delay  has  no  effect  on  flight  path  bandwidth,  at 
least  for  the  single  instance  where  incremental  time  delays  were  added 
(indicated  on  Figure  30b).  This  is  due  to  the  fact  that  there  is  very 
little  phase  effect  due  to  t  (A$  -  tw)  at  the  lower  frequencies  associ¬ 
ated  with  flight  path  bandwidth. 

The  relationship  between  uigyg  and  is  more  clearly  illustrated 

in  Figure  31.  When  1®  crossplotted  against  for  the  ACAH 

response-types.  Figure  31a,  the  correlation  is  approximately  a  straight 

line,  with  only  a  minor  effect  of  (1/Tg0)  and  a  small  effect  of  time 

*■  eff 

delay.  This  is  not  surprising,  of  course,  since  the  example  frequency 
responses  presented  in  Section  IV  illustrated  that  for  ACAH  response- 
types  both  the  flight  path  and  pitch  attitude  responses  to  longitudinal 
controller  are  dominated  by  the  closed-loop  second-order  response  mode 
(Figures  15  and  16).  Thus,  as  long  as  there  are  no  unusual  additional 
response  modes  in  the  flight  path  response,  it  is  sufficient  to  measure 
only  pitch  attitude  bandwidth  for  ACAH  response-types,  since  flight  path 
bandwidth  is  directly  related  to  pitch  bandwidth. 

Figure  31b  reveals  just  the  opposite  for  RCAH  response-types,  con¬ 
firming  the  observation  from  Figure  30b:  is  independent  of  <%wQ. 

Since  is  a  function  of  (1/Tq  -  I/T92),  it  is  a  strong  function  of 

pitch  rate  overshoot.  Again,  review  of  the  generic  frequency  responses 
of  Section  IV  suggests  the  reasons  for  these  relationships:  the  fre¬ 
quency  response  of  flight  path  to  longitudinal  controller  is  determined 
(in  the  region  of  piloted  control)  by  both  the  closed-loop  second-order 
mode,  and  the  frequency  separation  between  l/Tq  and  1/Tg2»  This  is 
clearly  illustrated  by  Figure  32,  where  the  ratio  Tg2/Tq  [represent¬ 
ing  ( 1 /Tq) / ( 1 /T 92 ) ]  is  plotted  (as  the  logarithm  of  the  ratio  for 
convenience)  against  Since  l/Tq  is  greater  than  1/T 92  for  *11  the 

RCAH  cases,  T92/Tq  >  1  and  log  (Tg^/Tq)  >  0. 

The  conclusions  to  be  drawn  are  that  1)  the  most  important  factor  in 
determining  flight  path  bandwidth  for  ACAH  response-types  is  pitch  atti¬ 
tude  bandwidth  —  high  values  of  the  latter  assure  good  values  of  the 
former;  2)  pitch  rate  overshoot  is  critical  to  obtaining  good  flight 
path  bandwidth  for  RCAH  response-types  (this  is  elaborated  on  below); 
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Figure  31.  (Concluded) 
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Notes : 


1)  l/Tq  >  l/T02  for  all  cases 

2)  Flagged  symbols  are  high 
pitch  rate  overshoot  cases 
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e  12.  Effect  of  Frequency  Separation  Between 
;>nd  1  / T n 0  on  Flight  Path  Bandwidth 
*  for  RCAH** Cases  of  Figure  31b 


3)  the  actual  value  of  (1/Tq»)  for  either  resportse-type  is  a  factor 

eff 

in  flight  path  bandwidth,  but  of  secondary  importance  in  either  case. 

4.  Importance  of  Pitch  Rate  Overshoot 

This  is  a  subject  that  has  been  the  focus  of  controversy  in  the  fly¬ 
ing  qualities  community  for  a  number  of  years:  is  pitch  rate  overshoot 
essential,  and  if  so,  why?  Throughout  this  report,  the  importance  of 
the  pitch  rate  zero  1/Tq  has  been  emphasized  in  determining  both  flight 
path  bandwidth  and  the  shape  of  the  angle-of-attack  time  response.  The 
previous  subsection  showed  that  both  the  frequency  of  the  zero  I/TQ2  and 
the  frequency  separation  between  l/T@2  and  1/Tq  determine  flight  path 
bandwidth  for  RCAH  response-types.  Therefore,  there  are  two  ways  to 

provide  flight  path  bandwidth  for  such  response-types:  make  (I/Tq.) 

L  eff 

large,  or  intentionally  provide  overshoot. 

The  importance  of  pitch  rate  overshoot  can  be  illustrated  by  looking 

at  two  RCAH  cases  from  Appendix  B.  In  Figure  31b  there  are  two  cases 

with  almost  identical  pitch  attitude  bandwidth  (5  rad/sec)  and  flight 

path  bandwidth  (0.74  rad/sec);  in  one  instance  (labeled  R5H),  the  flight 

path  bandwidth  is  provided  by  heave  damping  or  ( 1/T q.)  ,  while  in  the 

L  eff 

other  case  (R05L)  it  is  provided  by  pitch  rate  overshoot.  The  latter 

case  has  a  very  low  value  of  (1/Tq  )  ,  0.44  rad/sec,  identical  to  that 

L  eff 

of  the  low-overshoot  Configuration  R5L.  Time  histories  of  pitch  atti¬ 
tude,  flight  path  angle,  and  angle-of-attack  to  a  pulse  pitch  attitude 
command  input  for  these  three  cases  are  shown  in  Figure  33.  Addition  of 
pitch  rate  overshoot  to  the  1ow-(1/Tq9)  case  —  i.e.  ,  going  from  R5L 
to  R05L  —  improves  the  quickness  of  the  flight  path  response  (note  that 
the  maximum  flight  path  angle  achieved  is  not  Increased,  however;  this 
is  covered  by  the  parameter  Alnax/^®ss)* 

Figure  33  serves  to  confirm  that  the  advantage  of  pitch  rate  over¬ 
shoot  is  in  the  improved  short-term  flight  path  response,  attained  by 
effectively  overdriving  pitch  attitude  and  angle-of-attack.  This  also 
indicates  that  overshoot  is  not  essent.al,  as  long  as  l/T for  the 
basic  aircraft  Is  sufficiently  large.  Therefore,  we  would  expect  that 
(except  for  the  possible  effect  of  differences  in 
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Configurations  R5H  and  RQ5L  would  be  considered  very  similar,  In  terms 
of  Cooper-Harper  ratings,  by  a  pilot. 


5*  “BWy  versus  C1/T02 )gff 

The  parameter  (1/Tq.)  is  used  throughout  this  report  as  a  candi- 

L  ef  f 

date  parameter  for  defining  flight  path  bandwidth.  As  defined  in 

Section  III,  it  is  a  measure  of  the  lag  between  flight  path  and  pitch 

attitude,  and  thus  represents  the  rapidity  with  which  y  follows  6  for  a 

series  pilot  control  scheme.  However,  it  has  been  shown  in  Section  IV 

to  not  be  as  descriptive  as  the  direct  bandwidth  of  flight  path-to- 

longitudinal  controller,  It  is  also  clear  from  the  discussion 

earlier  in  this  section  that,  while  (1/Tq.)  has  an  effect  on  flight 

L  eff 

path  bandwidth,  it  is  not  the  only,  or  necessarily  the  dominant,  factor. 

The  relationship  between  (Ogy  and  (1/Tq0)  for  the  ACAH  and  RCAH 
configurations  of  Appendix  B  is  illustrated  in  Figure  34.  These  plots 
simply  confirm  observations  made  above:  the  most  important  determinant 
in  for  ACAH  systems  is  pitch  attitude  bandwidth,  while  (1/Tq0) 

dominates  for  RCAH  systems  —  as  long  as  pitch  rate  overshoot  is  mini¬ 
mal  [1/Tq  >>  (i/Tq  )  or  (i/Tq0)  is  large].  This  does  not,  of 
L  eff  1  eff 

course,  invalidate  (1/Tq.)  as  a  criterion:  whenever  the  pilot  is 

2  eff 

controlling  flight  path  with  attitude  (the  series  pilot  control  struc¬ 
ture),  (1/Tq  )  is  important  and  Wgy  is  not;  conversely,  for  parallel 
control  of  flight  path  and  attitude,  the  direct  measurement  of  is 

more  meaningful.  Hence,  both  parameters  are  of  value,  and  Level  1 
values  of  both  should  always  assure  Level  1  path  response. 


6.  Flight  Path/ Attitude  Relationship 


In  Section  III,  the  parameter  ATfoax/A0^s  is  recommended  as  a  control 
power  requirement;  l.e. ,  a  certain  minimum  flight  path  change  per  unit 
pitch  attitude  change  must  be  achievable.  This  parameter  was  first  pro¬ 
posed  in  Reference  10  as  a  flare  control  limit,  and  there  has  been 
little  experience  with  the  parameter  since.  While  such  a  requirement  is 
certainly  reasonable,  there  is  some  justification  for  revising  the 
definition.  For  example,  most  of  the  configurations  of  Appendix  B  have 
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a)  AC  AH  Response  -Types 


b)  RCA  H  Response -Types 


Figure  V*.  Relationship  Between  ugu  and  (1/ 


a  very  low-frequency  pole  that  results  in  a  slight  drift  in  the  time 
response  of  pitch  attitude  to  a  longitudinal  control  input  (step  for 
ACAH,  pulse  for  RCAH).  For  two  of  the  very  backsided  cases  (A6MG3  and 
A6HG3),  this  pole  is  actually  unstable  (divergent),  resulting  in  a 
divergent  attitude  response*  However,  in  all  of  these  cases,  it  takes 
from  ten  seconds  to  several  minutes  for  these  low-frequency  effects  to 
manifest  themselves  —  far  beyond  the  time  the  pilot  is  concerned  about. 

The  issue,  therefore,  is  in  the  use  of  "steady  state"  pitch  attitude 
as  a  normalizing  parameter  for  AYoax/^ss,  compared  to,  for  example,  the 
value  at  ten  seconds  or  at  the  time  Aymax  is  attained.  Since  this  is 
basically  a  flare  criterion,  such  shorter  time  intervals  would  certainly 
be  more  representative,  especially  for  conventional  aircraft  (i.e. ,  no 
attitude  hold). 

This  is  an  area  deserving  further  research;  at  the  present  time, 
however,  there  is  insufficient  data  to  develop  an  alternative  definition 
for  H,ax/A0ss. 

7.  Flight  Path  Stability 

Several  ACAH  configurations  in  Appendix  B  have  been  designed  to  val¬ 
idate  the  MIL-F-8785C  limits  on  flight  path  stability,  defined  by  dy/dV 
(in  units  of  deg/kt).  In  Reference  3  an  alternative  parameter,  trev, 
based  on  the  time  flight  path  reverses  sign  following  a  control  input, 
was  recommended.  Figure  33  shows  the  time  histories  of  these  cases  for 
a  step  control  input  (all  cases  are  ACAH).  In  this  figure,  responses 
are  labeled  either  as  "A6L,"  "A6M,"  etc.,  or  as  "A6LG3,"  etc.  The  cases 
without  a  "Gn"  suffix  have  Level  1  flight  path  stability,  dy/dV  <  0;  for 
the  ”Gn"  cases,  the  value  of  n  reflects  the  level  of  dy/dV:  for 
Gl,  dy/dV  ■  0.06  deg/kt,  etc.,  following  the  Levels  l,  2,  and  3  limits 
of  M1L-F-8785C.  The  single  GA  case,  A6HG4 ,  has  dy/dV  -  1.0  deg/kt  — 
far  beyond  the  Level  3  limit.  All  of  these  cases  should  be  evaluated  in 
a  simulation  or  flight  environment,  and  each  with  varying  engine  time 
delays  and  with  autothrott ',es.  Figure  36  documents  the  characteristics 
of  the  variation  cases  on  a  crossplot  of  dy/dV  vs.  trev.  As  this  figure 
shows,  the  two  parameters  are  closely  related  for  the  configurations 
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Figure  35.  Step  Response  of  Flight  Path  Angle  Change  for 
Configurations  Developed  to  Evaluate  Flight  Path  Stability 
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Fifiure  36.  Flight  Path  Stability  Variation  Cases 
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chosen,  so  either  parameter  can  be  used  to  define  flight  path  stability 
for  these  cases.  Reference  3  contains  a  more  thorough  discussion  of 
both  parameters,  and  shows  cases  for  which  dy/dV  and  trev  are  not  so 
closely  related. 

C.  LATERAL-DIRECTIONAL  CRITERIA 
1.  Overview 

There  is  no  discussion  of  lateral-directional  handling  qualities 
criteria  for  STOL  aircraft  are  not  developed  in  this  report  because 
there  is  essentially  no  quantitative  information  for  developing,  refin¬ 
ing,  or  validating  such  criteria.  This  was  the  case  when  Reference  3 
was  written  and,  unlike  the  longitudinal  axis,  where  at  least  a  few 
experimental  programs  have  been  conducted  recently,  no  studies  of 
lateral-directional  requirements  for  STOLs  have  been  performed  since 
Reference  3  was  released.  References  29  and  30  contain  a  limited  amount 
of  data  for  STOL  transports,  but  there  is  insufficient  information  to 
develop  or  validate  lateral-directional  criteria  for  STOL  aircraft. 

Because  the  lateral-directional  response  characteristics  of  STOLs 
are  basically  the  same  as  those  of  conventional  aircraft  (i.e.,  differ¬ 
ences  such  as  "powered-lift"  vs.  "nonpowe red-1 if t, "  and  "frontside"  vs. 
"backside,"  do  not  occur  in  the  lateral-directional  axes),  it  is  reason¬ 
able  to  expect  that  similar  criteria  can  be  applied,  with  some  expecta¬ 
tion  that  the  limits  of  such  criteria  may  be  tightened  for  precision 
STOL  approaches  and  landings. 

In  this  subsection,  we  will  review  potential  lateral-directional 
handling  qualities  criteria,  and  compare  the  lateral-directional  varia¬ 
tion  cases  of  Appendix  R  with  the  current  limits  of  each  of  these  crite¬ 
ria.  Ue  consider  these  to  be  the  most  promising  criteria  and  the  most 
appropriate  cases  for  validating  the  criteria. 


2.  Candidate  Lateral-Directional 
Handling  Qualities  Criteria 

The  following  criteria  from  MIL-F-8785C,  MIL-F-83300,  and  elsewhere, 
apply  to  STOLs.  For  specific  wording  and  application  of  the  criteria, 
the  reader  should  consult  the  appropriate  specification  and  user's 
guide. 

a.  Roll  Control  Sensitivity  -  <t>t=l^as  (deg/lb) 

This  is  the  ratio  of  bank  angle  at  1  sec  to  the  force  required  for 
a  step  lateral  control  input.  Recommended  values  for  $/Fas  are  given  in 
References  1  and  32  and  are  shown  in  Table  3. 

b.  Time  to  Roll  30  Degrees  -  t^gO  (seconds) 

This  is  defined  as  the  time  taken  for  the  bank  angle  ($)  to  reach 
30°  after  a  full-scale  step  lateral  stick  input.  The  requirements  are 
given  in  References  1  and  32  and  are  reproduced  in  Table  4. 

c.  Dutch  Roll  Frequency  and  Damping  ~  ?d»  “d 

Limits  on  the  Dutch  roll  frequency  and  damping  from  References  1  and 
32  are  given  in  Table  5. 

d.  Roll  Mode  Time  Constant  -  Tr  (seconds) 

Reference  32  sets  upper  limits  on  the  roll  mode  as  indicated  in 
Table  6. 

e.  Spiral  Mode  Time  Constant  -  Ts  (seconds) 

Limits  on  the  spiral  mode  are  given  in  Table  7  from  Reference  32  in 
terms  of  time  to  double  amplitude,  T2,  where  T2  ■  -0.693  Ts. 
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TABLE  3.  RECOMMENDED  MAXIMUM  ROLL  CONTROL 
SENSITIVITY  (FROM  MIL-F-8785C) 


LEVEL 

FLIGHT  PHASE 
CATEGORY 

MAXIMUM  SENSITIVITY 
(deg  in  1  sec)/lb 

1 

A 

15. 

C 

7.5 

2 

A 

25. 

c 

12.5 

TABLE  4a.  ROLL  PERFORMANCE  FOR  CLASS  I  AND  II  AIRPLANES 

(FROM  MIL-F-8785C) 

Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


CLASS 

LEVEL 

CATEGORY  A 

CATEGORY  B 

CATEGORY  C 

60  deg 

45  deg 

60  deg 

45  deg 

30  deg 

25  deg 

I 

1 

1.3 

1.7 

1.3 

I 

2 

1.7 

2.5 

1.8 

I 

3 

2.6 

3.4 

2.6 

II-L 

1.4 

1.9 

1.8 

II-L 

1.9 

2.8 

2.5 

II-L 

2.8 

3.8 

3.6 

II-C 

1 

1.4 

1.9 

1.0 

II-C 

2 

1.9 

2.8 

1.5 

II-C 

3 

2.8 

3.8 

2.0 
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TABLE  4b.  ROLL  PERFORMANCE  FOR  CLASS  III  AIRPLANES 
(FROM  MIL-F-8785C) 

Time  to  Achieve  30  deg  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

RANGE 

CATEGORY  A 

CATEGORY  B 

CATEGORY  C 

L 

1.8 

2.3 

2.5 

I 

M 

1.5 

2.0 

2.5 

H 

2.0 

2.3 

2.5 

L 

2.4 

3.9 

4.0 

2 

M 

2.0 

3.3 

4.0  1 

H 

2.5 

3.9 

4.0 

3 

ALL 

3.0 

5.0 

6.0 

TABLE  4c.  ROLL  PERFORMANCE  FOR  CLASS  IV  AIRPLANES 
(FROM  MIL-F-8785C) 

Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

CATEGORY  A 

CATEGORY  B 

CATEGORY  C 

RANGE 

30  deg 

50  deg 

90  deg 

90  deg 

30  deg 

■■ 

1. 1 

2.0 

1.1 

I 

1. 1 

1.7 

1.1 

M 

1.3 

1.7 

1.1 

H 

1.1 

1.7 

1.1 

IS 

m 

2.8 

1.3 

mm 

■s 

2.5 

1.3 

z 

M 

I  1 

1.7 

2.5 

1.3 

H 

y  ■; . t ; 

1.3 

2.5 

1.3 

m 

2.6 

3.7 

2.0 

o 

III 

2.0 

1 

3.4 

2.0 

M 

I 

2.6 

3.4 

2.0 

H 

WM 

3.4 

2.0 
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TABLE  5.  RECOMMENDED  MINIMUM  DUTCH  ROLL  FREQUENCY  AND  DAMPING 

(FROM  MIL-F-8785C) 


LEVEL 

FLIGHT 

PHASE 

CATEGORY 

CLASS 

Min  ;d* 

Min  ;du>d* 

(rad/sec) 

Min  u>d 

(rad/sec) 

A  (CO  and  GA) 

IV 

0.4 

0.4 

1.0 

A 

I,  IV 

mm 

isa 

1.0 

II,  III 

H 

Hal 

0.4 

1 

B 

All 

0.08 

0.15 

0.4 

c 

I.  II-C. 

IV 

0.08 

0.15 

1.0 

II-L,  III 

0.08 

0.10 

0.4 

2 

All 

All 

0.02 

0.05 

0.4 

3 

All 

All 

0 

i 

i 

0.4 

*The  governing  damping  requirement  is  that  yielding 
the  larger  value  of  Cd,  except  that  a  cd  of  0.7  is 
the  maximum  required  for  Class  III. 

When  <^|$/3jd  is  greater  than  20  (rad/sec)^,  the  minimum  5d<^j  should 
be  increased  above  the  minimums  listed  in  Table  5  by: 


Level 

1: 

ACd^j  - 

Level 

2: 

* 

Level 

3: 

^dud  - 

0.014(<4|*/S|d  -  20) 

0.009(u>2|*/B|d  -  20) 

0.005(<4|*/e|d  -  20) 


with  wd  in  rad/sec. 
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TABLE  6.  MAXIMUM  ROLL-MODE  TIME  CONSTANT, 
SECONDS  (FROM  MIL-F-8785C) 


m 


* 


FLIGHT 

PHASE 

CATEGORY 

CLASS 

LEVEL 

1 

2 

3 

A 

I,  IV 

1.0 

n 

■ 

II,  III 

1.4 

m 

B 

All 

1.4 

3.0 

10 

C 

I,  II-C,  IV 

1.0 

BS9 

1  1 

II-L,  III 

1.4 

KB 

■ 

TABLE  7.  SPIRAL  STABILITY  —  MINIMUM  TIME  TO  DOUBLE 
AMPLITUDE  (FROM  MIL-F-8785C) 


FLIGHT  PHASE 
CATEGORY 

LEVEL  1 

LEVEL  2 

LEVEL  3 

A  &  C 

B 

12  sec 

20  sec 

m 

4  sec 

4  sec 

f.  Roll-Sideslip  Coupling  -  |&8/$i| 

Roll-sideslip  coupling  is  calculated  as  the  ratio  of  the  maximum 
change  in  sideslip  angle  (occurring  within  two  seconds)  to  the  first 
roll  angle  peak  ($1)  (see  Figure  37)  following  a  pulse  lateral  control¬ 
ler  input.  Requirements  are  given  in  Reference  33  and  are  reproduced  in 
Figure  38a.  The  ratio  |&|i/$j|  x  |$/B|d  accounts  for  high  (♦/8jd; 
requirements  are  given  in  Reference  33  and  are  shown  in  Figure  38b. 
These  requirements  are  considered  to  be  more  appropriate  and  less  sub¬ 
ject  to  interpretation  than  the  more  familiar  A8/k  parameter  of  MIL-F- 
8785C  (see,  for  example,  discussions  in  References  1  and  34). 
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Time  (sec) 


Figure  37.  Roll  Angle  and  Sideslip  Angle  Response 
to  a  Unit  Impulse  in  Lateral  Stick 


a)  BOUNDARY  FOR  4r- 

0, 


(DEG)  WHEN  y?  LEADS  f3  BY  225°  THROUGH  360°  TO  45° 


b)  BOUNDARY  FOR  x  -£ 

%  ft  4 


Figure  38.  Sideslip  Excursion  Limitations 
(from  MTL-F-83300) 


Lateral  Oscillation  Parameter  -  4>osc^av 


This  parameter  is  defined  as  shown  below  (see  Figure  37). 


$1  +  <J>3  -  2$2 
♦l  +  $3  +  2^2 

$1  “  $2 
$1  +  $2 


Cd  <  0.2 


id  >  0.2 


Requirements  are  given  in  Reference  32  and  are  shown  in  Figure  39. 


-180°  -220°  -260°  -300°  -3^0°  -20°  -60°  -100°  -l40°  -l80° 

(DEG)  WHEN  P  LEADS  6  BY  225°  THROUGH  360®  to  k5° 

Figure  39.  Bank  Angle  Oscillation  Limitations 
(from  MIL-F-8785C) 
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h.  Alternative  Lateral  Oscillation  Parameter  -  4>osc/4>i 


This  is  defined  as 

^osc  $1  +  4>3  -  2«t>2 

♦l 

^OSC  _  *1  ~  h 

♦i  24>1 


Cd  <  0.2 


Cd  >  0.2 


No  requirements  exist  for  this  parameter.  It  is  recommended  in 
Reference  34  as  an  alternative  to  ^osc^av  because  it  is  less  sensitive 
to  the  effects  of  the  spiral  mode. 


i.  Turn  Coordination  Parameters  -  &^p(3)  and  ti 

The  yaw-to-roll  crossfeed  parameters  are  calculated  using  the  rules 
stated  in  Reference  1.  The  parameters  are  dependent  on  the  value 
of  Nfia/Lfia,  i.e. , 

6^(3)  if  |Nfia/L«a|  <  0.03 

V  if  IN^/Lfij  >  0.07 

both  fi{.p<3)  and  W  if  0.03  <|N6a/LfiJ  <  0.07 


Requirements  for  these  parameters  are  presented  in  Reference  1  and 
are  shown  in  Figure  40# 

3.  Development  of  Lateral-Directional 
Variation  Gases 


Appendix  8  documents  the  characteristics  of  88  separate  lateral- 
directional  cases  that  were  developed  to  cover  the  full  range  of  the 
flying  qualities  criteria  outlined  above.  The  state  of  the  data  base 
for  lateral-directional  STOL  characteristics  is  considerably  more  lim¬ 
ited  than  that  for  CTOLs,  with  a  critical  need  in  the  short  term  for 
fundamental  Information  on  what  the  boundaries  of  the  existing  criteria 
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Figure  40a.  Crossfeed  Parameter  Boundaries  — 


1 

1  1 

, 

1 

l  l 

l 

08 

>06  -0,4 

(Adverse  Yaw) 

-0.2 

0 

8^3) 

Q2 

0.4  0.6 

(Proverse  Yaw) 

0.8 

t  I 

Figure  40b.  Pilot  Rating  Correlations  When  Nj  /Lj  <  0.07 

AS  A  & 


97 


Level  2 


should  be.  The  logical  next  step  would  then  be  investigation  of  the 
more  esoteric  issues  —  response-types,  time  delay  effects,  attitude 
hold,  etc. 

The  basic  variations  in  dynamics  were  made  by  changing  aerodynamic 
stability  and  control  derivatives.  A  roll-yaw  crossfeed  shaping  func¬ 
tion  was  utilized  to  accomplish  the  modification  of  turn  coordination 
characteristics. 

Table  B-4  of  Appendix  B  summarizes  the  various  handling  qualities 
parameters  for  the  lateral  variation  cases.  As  this  table  indicates, 
the  first  sixteen  cases  were  devised  to  evaluate  variations  in  Dutch 
roll  frequency  and  damping.  Cases  17  through  20  are  roll  mode  varia¬ 
tions,  and  Cases  43  through  52  are  control  power  (Lg  )  variations.  The 
rest  of  the  cases  represent  variations  in  turn  coordination:  Cases  21 
through  38  have  a  nominal  value  of  roll-sideslip  ratio,  |$/$|d> 
Cases  21A  through  38A  and  2  IB  through  38B  have  low  and  high  values 
of  |$/$|d>  respectively.  Cases  39  through  42  are  also  turn  coordination 

variations  with  a  very  low  value  of  Ng  /Lg  . 

ft  ft 

The  following  discussion  will  compare  the  handling  qualities  charac¬ 
teristics  of  these  cases  (from  Appendix  B)  with  the  candidate  criteria. 

4.  Co^tarlsons  with  Criteria 

a.  Dutch  Roll  Variations 


Cases  1  through  16  were  devised  to  evaluate  a  range  of  Dutch  roll 
natural  frequencies  and  damping  ratios;  as  a  result,  the  spiral  mode  was 
Level  1  (T8  *  »),  and  the  roll  mode  kept  approximately  constant 
at  1/Tp  -  2  rad/sec.  Tlme-to-bank  and  control  sensitivity  values  were 
either  Level  1  or  only  marginally  Level  2  (i.e. ,  MIL-F-8785C 

requires  t^.3QU  <  l.l  sec,  and  as  Table  B-4  shows,  this  parameter  ranged 
between  1.13  and  1.20  sec  for  these  cases).  Figure  41  summarises  these 
cases  in  terms  of  Dutch  roll,  bank  angle  oscillation,  and  sideslip 
excursion  characteristics. 


0 


.1 


.2 


.3 


4 


Cd 

a)  Dutch  Roll  Requirements 

Figure  41.  Characteristics  of  Dutch  Roll  Variation  Cases 
(Appendix  B,  Cases  1-16) 
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b)  Bank  Angle  Oscillation  Limitations 

Figure  41.  (Continued) 
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•20 
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(DEG)  WHEN  LEADS  (3  BY  225°  THROUGH  360°  TO  45° 


c)  Sideslip  Excursion  Limitation  Requirements 


Figure  Al.  (Concluded) 
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Only  three  cases  in  Figure  41  lie  in  the  current  Level  2  or  3  bound¬ 
aries:  Cases  2,  3,  and  14,  all  with  low  Dutch  roll  frequency  (these 
cases  are  Level  1  on  the  boundary,  but  high  1 4>/  &  j  d  makes  them 

Level  2  for  the,  second  sideslip  excursion  requirement,  Figure  41c).  It 
is  expected  that  more  stringent  limits  will  apply  due  to  the  increased 
lateral  precision  requirements  inherent  to  short  and  narrow  STOL  run¬ 
ways.  Case  14  is  an  apparent  anomaly,  since  it  has  good  Dutch  roll 
damping  (Cj  =  0.4)  but  the  highest  value  of  ^osc^av  all  cases, 
Figure  41b.  Case  15,  with  the  same  damping  ratio  but  higher  Dutch  roll 
frequency  (1.5  rad/sec  vs.  0.8  rad/sec)  has  no  roll  oscillation. 
Figure  42  shows  time  histories  of  bank  angle  and  sideslip  angle  for  a 

pulse  lateral  stick  input  for  Cases  14,  15,  and  16  (i.e.  ,  all  cases 

with  Cd  =  0.4).  As  the  bank  angle  response  shows.  Case  14 
has  <i>osc/^av  >  1  because  <  0;  and  for  Cases  14  and  15,  the 
ratio  ♦osc/^av  1®  zero  because  there  is  no  second  peak  ( 4>2  does  not 
exist).  In  this  example,  Case  14  does  not  look  significantly  worse  than 
Case  15,  at  least  as  far  as  4>osc/ 4>av  is  concerned.  It  is  likely  that 
Case  14  would  not  be  acceptable  in  flight,  but  because  of  the  very  low 
Dutch  roll  frequency,  not  because  of  roll  oscillations.  This  suggests 
that  there  Is  some  justification  for  refining  the  definition 

°1  ^osc^av* 

b.  Roll  Mode  Variations 

Five  cases  (Cases  1,  17,  18,  19,  and  20)  were  designed  to  evaluate 
the  limits  on  roll  mode  time  constant.  The  following  table  lists  the 
time  constants  and  flying  qualities  Level  (based  on  MIL-F-8785C, 

Class  IV,  Flight  Phase  Category  C)  for  these  cases. 

CASE  TR»  sec  LEVEL 


17 

1.25 

2 

18 

1.0 

1-2 

19 

0.667 

1 

1 

0.5 

1 

20 

0.333 

1 
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1 


line 


Figure  42.  Time  Histories  of  Cases  14,  15,  and  16 
for  Pulse  Lateral  Stick  Input 
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These  cases  are  Level  1  on  all  Che  other  handling  qualities  boundaries 
discussed  above. 

c.  Turn  Coordination  Variations 


The  bulk  of  the  lateral-directional  variation  cases  of  Appendix  B 
are  aimed  at  investigating  the  effects  of  imperfect  turn  coordination  on 
flying  qualities.  Since  STOL  aircraft  —  including  proposed  STOL 
fighters  —  typically  fly  at  quite  low  approach  speeds,  the  problems 
associated  with  low-speed  flight,  such  as  adverse  aileron  yaw  and  roll- 
due-to-rudder,  are  more  likely  to  show  up. 

Cases  21  through  42,  21A  through  38A,  and  21B  through  38B  encompass 
a  wide  variety  of  roll/yaw  response  characteristics.  All  of  these  cases 
have  Level  1  valuer  of  spiral,  roll,  and  Dutch  roll  modes;  modification 
of  control  derivatives  and  use  of  stick-to-rudder  crossfeeds  produced 
the  variations  listed  in  Appendix  B.  The  intent  of  the  variations  was 
to  examine  a  wide  range  of  points  on  the  turn  coordination  (p)  require¬ 
ment,  Figure  40,  with  three  different  values  of  1 4>/ ^ :  2.7  (nominal), 

0.9  (low),  and  4.1  (high). 

Figure  43  shows  the  turn  coordination  variation  cases  on  the  p  plot. 

Values  of  P  -  +1,  0,  and  -1  were  chosen,  and  cases  designed  to  be  in 

each  of  the  level  boundaries,  or  on  the  edges  of  the  boundaries,  by 

varying  the  sign  and  magnitude  of  the  ratio  Ng  /La  .  This  results  in 

a  a 

large  variations  In  other  parameters  as  well,  as  Table  d-4  shows;  the 

most  interesting  of  these  parameters  is  the  competing  requirement  on 

turn  coordination  (sideslip  excursions),  |&B/$i|  or  |  AB/^j )  x  j  <p/ & j ^ , 
Figure  38.  Figure  44  shows  the  cases  plotted  on  the  |A8/$i|  x 

|  ♦/Bid  vs.  i|>3  requirement;  this  is  most  interesting  since  three  differ¬ 
ent  values  of  |<l>/3|d  were  used. 

Symbols  in  Figure  44  have  been  shaded  according  to  the  Levrl  limits 
of  Figure  43:  open  symbols  are  in  the  Level  1  region  in  Figure  43, 
hatched  symbols  lie  on  the  Level  1  limit  boundary,  etc.  In  addition, 
those  cases  that  have  Level  1  values  of  $0sc/^av  are  narked  with  an 
asterisk.  Assuming  that  the  current  limits  on  ♦osc/^av*  Dutch  roll 


104 


-1.0  -5 


Roho  of  Yov 
Accelerotioos  du« 


a)  Low 


Figure  43 


/ariations  in  Turn  Coordination 


105 


-3  -10  -.5  -0.1  -.05  05  0.1 

Ratio  of  Yawing  to  Rolling  N80t 
Accelerations  due  to  Roll  Controller,  Ujo**  s  0  e 


b)  Nominal  !<f>  /filj 


Figure  A3.  (Continued) 
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c)  High  l$/0ld 


Figure  43,  (Concluded) 
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Figure  44.  (Concluded) 
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characteristics,  etc.,  are  applicable  to  STOLs,  these  would  be  the  most 
interesting  cases  for  a  simulation  or  flight  experiment.  Several  of  the 
marked  cases  have  quite  high  values  of  jA0/^j  x  |<j>/3|,j,  yet  are  in  the 
Level  1  region  on  the  p  requirement  plot,  and  thus  these  cases  would 
resolve  which  of  the  criteria  is  more  applicable.  The  dashed  lines  on 
Figure  44  represent  rough  mapping  of  the  p  boundaries  based  upon  the 
data  points;  clearly,  p  allows  much  larger  values  of  |  AS/ |  x  |  <}>/  3  J  d  at: 
low  values  of  ^3.  In  addition,  the  P  requirement  does  not  disallow  very 
large  values  of  j  4>/ 0 j d • 

As  with  all  the  lateral-directional  criteria  discussed  above,  it  is 
impossible  to  resolve  here  whether  the  boundaries,  or  even  the  criteria 
themselves,  are  applicable  to  STOLs.  A  considerable  amount  of  simula¬ 
tion  or,  preferably,  flight  research,  must  be  performed. 
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SECTION  VI 


CONCLUSIONS 


The  conclusions  reached  in  this  study  are  summarized  below. 

•  STOL  approach  and  landing  handling  qualities 
requirements  oust  account  for  attitude  and  flight 
path  control.  This  may  or  may  not  require  sepa¬ 
rate  criteria. 

•  The  criteria  should  specify  the  allowable 
Response-Types.  Four  Response-Types  are  identi¬ 
fied  for  STOL  approach  and  landings;  Conventional 
Airplane,  Rate,  Rate -Command-Attitude  Hold  (RCAH) 
and  Attitude-Command-Attitude-Hold  (ACAH). 

•  ACAH  was  found  to  be  the  most  desirable  Response- 
Type  for  precision  STOL  landings. 

•  The  Conventional  Airplane  Response-Type  (identi¬ 
fied  by  a  step  angle-of-attack  response  to  a  step 
longitudinal  controller  input)  was  acceptable  for 
STOL  landings,  but  required  a  higher  attitude 
bandwidth  than  ACAH* 

•  Rate  and  RCAH  Response-Types  are  generally  the 
least  desirable  for  precision  STOL  landings. 
However,  Level  1  handling  qualities  can  be 
achieved  if  1/Tq  *  1/T02  (which  makes  it  look 
like  a  Conventional  Airplane  Response-Type). 
This  may  result  in  an  undesirably  low  attitude 
bandwidth,  if  I/T82  is  small  (less  than  about 
.8). 

•  The  Response-Type  used  during  STOL  approaches  is 
not  critical  (all  are  acceptable).  That  is,  the 
Response-Type  requirement  is  driven  by  the  land¬ 
ing  task.  This  may  be  alleviated  by  building  a 
strong  enough  landing  gear  to  allow  no-flare 
landings.  However,  such  an  alleviation  was  not 
found  to  be  justified  by  the  data  from  the  LAMARS 
simulation  (which  involved  no-flare  landings). 

•  The  Wgp  vs  n/a  criterion,  in  combination  with  a 
lower  order  equivalent  system  (LOES)  fit  (to  the 
short  period  approximation),  is  utilized  as  a 
combined  attitude  and  flight  path  criterion  in 
MIL-F-8785C.  This  criterion  is  not  applicable 
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unless  a  Conventional  Airplane  Response-Type  is 
employed.  The  criteria  proposed  herein  involve 
bandwidth,  which  is  not  dependent  on  the 
Response-Type. 

There  are  substantial  gaps  in  the  database  which 
should  be  filled  to  provide  adequate  supporting 
data  for  STOL  handling  qualities  criteria. 
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APPENDIX  A 


LAMARS  SIMULATION  OF  FIGHTER  STOL  LANDINGS 

A.  DESCRIPTION  OF  SIMULATION  AND 

TESTED  CONFIGURATIONS 

A  moving-base  piloted  simulation  of  fighter  STOL  landings  was  con¬ 
ducted  by  AFWAL/FIGC  on  the  LAMARS  simulator  in  direct  support  of  this 
program.  Configurations  AIL  through  A6H  and  R2L  through  R08M  from 
Table  B-2  (Appendix  B)  were  tested.  The  actual  configurations  differed 
slightly  from  those  listed  in  Table  B-2,  but  the  differences  are  insig¬ 
nificant  in  terms  of  obtaining  the  desired  systematic  variations  in  the 
key  handling  qualities  parameters.  The  parameters  varied  in  the  simula¬ 
tion  were  pitch  attitude  bandwidth,  an<*  flight  path 

lag,  (i/Tq  )  ,  for  rate  command/attitude  hold  (RCAH)  and  attitude 

^  eff 

command/attitude  hold  (ACAH)  response-types.  Pitch  rate  overshoot  was 
also  varied  for  the  RCAH  response*-types.  The  simulation  math  model  con¬ 
sisted  of  attitude,  flight  path,  and  airspeed  transfer  functions.  This 
type  of  model  is  ideally  suited  for  making  systematic  variations  as  long 
as  airspeed  does  not  vary  significantly. 

The  simulator  cockpit  was  configured  as  a  typical  fighter  aircraft 
with  the  head-up  display  illustrated  in  Figure  A-l.  The  piloting  task 
was  to  intercept  the  final  approach  course  from  the  initial  condition 
illustrated  in  Figure  A-2  and  to  lam’  in  a  designated  area. 

The  runway  was  visible  throughout  the  run  and  the  pilots  had  raw 
localizer  and  glideslope  guidance  available  on  the  HUD.  The  velocity 
vector  symbol  on  the  HUD  was  of  particular  value  as  it  provided  a  direct 
measure  of  the  longitudinal  flight  path  angle.  The  pilot  technique,  in 
most  cases,  was  to  superimpose  the  velocity  vector  symbol  on  or  near  the 
desired  touchdown  point.  The  flight  path  dynamics  in  response  to  con¬ 
trol  inputs  and  to  attitude  changes  were  therefore  immediately  obvious 
to  the  pilot.  This  feature  was  particularly  important  in  terms  of  simu¬ 
lation  fidelity  since  flight  path  information  is  difficult  to  detect  in 
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Figure  A-l.  Baseline  Head-up  Display  (HUD)  Configuration 
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ground  based  simulator  visual  systems.  The  touchdown  performance  param¬ 
eters  required  a  slight  flare  maneuver  involving  a  tradeoff  between  sink 
rate  and  dispersion  from  the  desired  touchdown  point. 

Tolerances  used  to  define  desired  and  adequate  performance  when 
assigning  the  Cooper-Harper  pilot  ratings  are  defined  in  Table  A-l* 

Atmospheric  disturbances  consisted  of  a  15  kt  crosswind  shear  to 
0  kt  in  200  ft  of  altitude  in  light  random  turbulence. 

The  pilots  were  allowed  as  much  training  as  they  felt  was  necessary 
(typically  1  hr)  and  were  required  to  accomplish  at  least  four  runs 
before  assigning  a  handling  quality  rating  (HQR)  for  each  tested  config¬ 
uration. 

A  total  of  23  configurations  were  tested.  The  transfer  functions 
for  these  configurations  are  given  in  Table  A-2  and  the  values 
of  “BW0i  “BWy.  and  U/T02)  £1  ^  are  given  in  Table  A-3  along  with  a  sum¬ 
mary  of  the  Cooper-Harper  pilot  ratings.  The  angle  of  attack  time 


1.5  nm  from  touchdown 
Vcq,  =  130  kts 
a  =  8  deg 


130  ft  x  1500  ft 
STOL  Runway 


Figure  A-2.  Landing  Task  Scenario 


TABLE  A-l.  DEFINITION  OF  DESIRED  AND  ADEQUATE  PERFORMANCE 


PERFORMANCE  PARAMETER 

DESIRED 

ADEQUATE 

Landing  speed 

Touchdown  sink  rate 

Distance  from  touchdown  point 
Lateral  touchdown  dispersion 

±2  kts 
<  10  ft/sec 
±75  ft 
±8  ft 

±4  kts 
<  13  ft/sec 
+150  ft  and  -100  ft 
±16  ft 
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TABLE  A-2.  TRANSFER  FUNCTIONS  OF  TESTED  CONFIGURATIONS 


CASE 

1AC 

2AC 

9AC 

10AC 

17  AC 

18AC 

20 AC 


9/6, 


'es 


10 


11 


12 


6.60(0.19)(0.21) 


(3.072)(1.039) [0.989;0. 205] 

2.8(0. 19) (0. 21) 

(1.690) (1. 116)[0. 981 ;0. 209] 

_ 7.3(0.09) (0.56) 

(0.09162) (0.6159) (1.070) (3. 089) 


3. 36(0.09) (0.56) 


(0.092A7) (0.6578) (1. 278) (1. 587) 

_ 8.0(0. 06)(1. 00) _ 

(0.06065) (0.9467) (1.652) (2. 557) 

_ 3.50(0.Q6)(1.Q0) _ 

(0.06104X0.9424)10.833;  1.628] 

0.79(0. 06)(1. 00) 
(0.0635X0.935)  [0.541;0.89lT 


6.60(0. 20)(0.20)(0. 80) 

(0) (4. 061) (1.405) [0.911;0. 192] 

3. 10(0. 1744) (0.2260) (1.70) 

(0 ) (4 . 06 l) ( 1.405) [0.91 1 ;0. 192] 

2.18(0. 20)(0.20)(2. 40) 

(0) (4.061) (1 . 405) [0. 91 1 ;0. 192] 

1.42(0. 1831) (0.2 169) (3. 70) 
(0)(4.06l) (l.405) [0.911;0. 192 

6. 12(0. 0907) (0.5371) (0.8622) 

(0 ) (0 . 092 1) <To . 4 7 66)  ( 1 . 475)  (3.767) 

3. 25(0. 09162) (0.5444) (1.604) 
(0)(0. 09721) (0.4766) <1.475) (3. 767) 

2.60(0.08995) (0.5504) (2. 00) 

(0) (0.09721) (0.4766) (1.4 7 5) (3.767) 

1.48(0.0898) (0.5504) (3. 50) 
(0)(0.0972lX0. 4766) <1.475)  (3. 767) 


+r-  =  (0.02) 


[SpJ  “Spl  -  10.08;  0.10] 


ot  6  a  0  lCp»  “pi 

^  =  ^7  *  e  "  177  *  rr/TejTriTTe2j 


•y  0  y  0  (l/Ty) 

177  "  177  ‘  e  "177  *  (i/Te1j(i/Te2J 


e-0.07s  .  I--0*  866; 49. 5] 
fO. 866; 49. 5] 
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TABLE  A-2.  (CONCLUDED) 


CASE 

17 

18 

19 

20 

15 

21 

22 

23 


«/«bi 


7.00(0.05983) (0.8115) (6.9887) 
(0)(0.06262Ho.8096)  (1.324X4. 620) 


4. 25(0. 06) (1.00) (1.320) 

(0 ) (0 . 06261 ) (0.8736) ( 1 . 908) (2 . 9  7 1 ) 

2.52(0. 06)(1.00)(2. 30) 
(0)(0.06261) (0.8736) (1.908) (2. 971) 

1.82(0. 06) (1.00) (3. 20) 

(0) (0. 6261) (0.8736) (1.908)(2. 971) 

4. 64(0.03298) (1. 104)(2.993) 

(0) (0.0337) (1.200) [0. 648 ; 3. 534] 

7. 80(0. 090) (0.55) (0.65) 

(0) (0. 09593) (0 . 6 152) [0.659 ; 2. 090] 

6.25(0. 09)(0.55)(0. 80) 

(0) (0.096) (0 . 6235) (0 .794 ; 2. 07  5] 

5. 68(0. 09) (0.55) (0.90) 
(0.09613) (0.6485) (1.483) (2. 789) 


Note:  (a)  ■  (s  +  a) 

U',%]  -  [s2  +  2C0)ns  +  0^2] 
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20AC  f  1.3  1.0 


responses  Co  a  step  longitudinal  controller  input  are  given  in 
Figure  A-3. 

Block  diagrams  of  the  RCAH  and  ACAH  stability  augmentation  systems 
used  in  the  simulation  are  given  in  Figure  A-4.  Ground  rules  used  to 
develop  the  configurations  are  summarized  below. 

•  1/T0.  and  1/T§0  were  chosen  to  yield  the 

desired  (l/T0.j  with  1/Tv.  -  0.02  1/sec. 

2  eff  T1 

•  Tg  was  set  to  minimize  the  overshoot 

(qpeakM  ss  "  1.0). 

•  The  leading  coefficient  of  the  y/6e  transfer 

function,  Ay,  was  set  to  yield  -  1.0. 

•  The  leading  coefficient  of  the  airspeed  transfer 
function,  Au,  was  set  to  yield  Au/A6^8  ■  1.0  kt/ 
deg. 

•  The  stick  gain  for  the  RCAH  configurations  was 
adjusted  to  give  qg8  -  3.3  deg/sec  per  inch  of 
stick  deflection  (gradient  was  S  lb/in.). 

•  The  stick  gains  were  adjusted  for  ACAH  so  that 
for  a  1  inch  deflection,  pitch  attitude  and 
flight  path  matched,  for  the  first  two-plus 
seconds,  the  comparable  RCAH  configuration. 

B.  PILOT  GOtQENTAKf  AND  RATINGS 

The  raw  pilot  comments  and  Cooper-Harper  ratings  are  presented  on 
the  following  pages.  The  pilot  comment  card,  shown  in  Figure  A-S,  was 
used  to  guide  the  commentary. 
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Step 


9 


a)  Rate  Command /Attitude  Hold 


b)  Attitude  Command /Attitude  Hold 


Figure  A-4.  Tested  Augmentation  Systems 
(Response-Types) 
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A.  Aircraft  Response  Characteristics  -  (rate  according  to 
axis/controller) 

1.  Initial  Speed  of  Responses  (sluggish,  abrupt) 

2.  Flight  Path  Precision  (including  heading  control;  predictable, 
unpredictable,  overshoot) 

3.  Airspeed  Control  (sluggish,  abrupt) 

4.  Coordination  Between  Axes/Controllers  (OK,  overcontrol) 

B.  Atmospheric  Disturbance  Characteristics  - 

1.  Effect  on  Task  Performance  (none,  annoying,  distracting) 

2.  Intensity  (light,  moderate,  severe) 

3.  Realism 

C.  Overall  Evaluation  - 

1.  Pilot  Compensation  Required  (minimal,  moderate,  considerable) 

2.  Special  Piloting  Techniques  Required 

3.  Performance  Obtained  (desired,  adequate) 

4.  Cooper-Harper  Rating 

5.  Flying  Quality  Deficiencies  (describe,  including  level  of 
deficiency) 


Figure  A-5.  Pilot  Comment  Card  Used  in  Simulation 
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CONFIGURATION  if  I 


Pilot  H  (HQR  3) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


If  you  went  to  a  rapid  input  the  response  was  a  little  sluggish,  1 
was  not  high  gain  in  that  task.  1  could  take  my  time  and  put  it 
where  I  wanted  to  in  the  low  gain  situation.  I  did  try  once  to  pull 
pretty  abrupt  and  it  would  be  sluggish. 

Flight  path  precision  was  good  providing  the  inputs  were  slow. 
Again  as  I've  seen  before,  as  you  roll  out  on  final,  the  flight  path 
marker  tends  to  drop  on  you  with  no  inputs  on  the  stick. 

First  time  I've  seen  that  when  you  take  power  off  you  start  getting 
a  sink  rate  in  the  aircraft.  If  you  got  airspeed  under  control  the 
rest  of  the  approach  worked  out  well.  As  a  result,  the  sluggishness 
I  saw  at  the  fast  rate  required  a  little  bit  greater  pitch  change  to 
get  the  kind  of  flare  you  needed  to  get  the  sink  rate  down.  If  you 
judged  the  distance  ahead  you  could  get  desired  performance. 


ATMOSPHERE 

I  saw  some  moderate  turbulence  occasionally.  I  don't  call  that 
real.  I  think  1  should  see  considerably  more  light  to  moderate  high 
frequency  stuff  with  an  occasional  moderate  arst  ..nrown  in  there. 


OVERALL  EVALUATION 


Pilot  compensation  was  minimal.  As  long  as  the  task  remained  low 
gain  I  didn't  have  any  problem.  I  could  keep  It  where  I  wanted  it. 
I  had  to  keep  some  small  continuous  inputs  but  it  seemed  real  con¬ 
trollable.  Overall  I  could  keep  the  flight  path  marker  where  I 
wanted  it.  The  only  problem  was  the  flare,  finding  a  pood  attitude 
and  a  lead  point  to  put  it  on  the  mark.  That  was  perils  the  spe¬ 
cial  piloting  technique  required. 

Desired  performance  obtained. 
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CONFIGURATION  #1 


Pilot  C  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 

The  pitch  rate  is  quick,  however,  che  response  of  the  aircraft  in 
angle  and  flight  path  is  slow. 

Aircraft  is  more  sluggish  in  this  configuration. 

No  trouble  with  heading  control. 

In  the  pitch  response  there  was  a  tendency  to  overcontrol.  The 
response  was  slow  and  you  would  put  in  more  than  was  required. 

Airspeed  control  was  normal. 

Pitch  response  was  slower  than  lateral  response. 

ATMOSPHERE 
No  problems. 

OVERALL  EVALUATION 

Minimum  to  moderate  compensation  required. 

Adequate  performance  obtained,  however,  not  desired  yet. 

Slow  response  of  the  aircraft  flight  path* 

No  significant  tendency  to  PIO.  Maybe  a  1.5  because  you  can  over¬ 
control  sometimes. 
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CONFIGURATION  #2 


Pilot  H  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Flight  path  of  aircraft  is  controllable  but  seems  to  be  sluggish. 
Requires  a  little  bit  of  lead  compensation  both  in  the  input  and 
output  to  hold  where  you  want  it  for  a  final  steady -state  value.  On 
the  turn  to  final  I  have  to  push  considerably  to  keep  the  flight 
path  marker  tracking  across  where  I  want  it,  that  is  abnormal. 

Airspeed  control  is  fine. 

Good  coordination  between  axes. 


ATMOSPHERE 


Cross  wind  was  good.  Turbulence,  I  didn't  notice  any  of  great 
amount,  it  wasn't  effecting  the  aircraft  very  much.  Realistically, 
I  thought  the  winds  were  good  and  turbulence  was  fine. 


OVERALL  EVALUATION 


Pilot  compensation  required  was  moderate,  due  to  lead  in  pitch  axis, 
both  required  a  slightly  larger  input  to  get  it  where  you  wanted  it. 

It  appeared  that  if  I  tried  to  force  my  touchdown  scatter  to  be 
inside  adequate  or  desired,  then  I  could  not  get  my  sink  rate  under 
control. 

Adequate  performance. 

No  tendency  to  PIO. 
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CONFIGURATION  #3 


Pilot  H  (HQR  4) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Aircraft  response  was  good*  Precision  wasn't  bad,  I  think  I  tended 
to  see  turbulence  affect  my  flight  path  a  little  bit.  It  required  a 
lot  of  small  inputs  to  keep  it  where  I  wanted  it.  It  had  a  tendency 
to  drift  off.  I  could  predict  both  roll  and  pitch  where  I  wanted  to 
put  it. 

Airspeed  control  was  not  very  difficult. 

Coordination  between  axes  seemed  good,  except  for  the  final  turn. 
No  tendency  to  overcontrol. 


ATMOSPHERE 


Turbulence  was  annoying.  It  tended  to  push  the  workload  up  in  the 
pitch  axis.  Intensity  seemed  light  to  moderate,  fairly  real. 

Crosswind  seemed  light,  no  factor. 


OVERALL  EVALUATION 


Moderate  compensation. 

The  only  special  piloting  technique  was  getting  a  little  lew  in 
glideslope  which  tends  to  give  you  better  control  of  your  rate  of 
descent.  Then  you  can  squeek  out  the  distance  by  changing  pitch. 
The  only  problem  is  you  get  a  little  greater  fluctuation  on  touch¬ 
down  .one,  l  think  she  was  controllable  after  a  while,  once  I  picked 
up  the  right  glideslope  and  got  a  feel  for  the  change  In  the  pitch. 
At  first  it  did  seem  a  little  squirrelly  in  the  pitch.  I  could  see 
a  good  change  in  attitude,  but  it  wouldn't  change  my  flight  path 
vector'  very  quickly,  in  terms  of  abrupt  change.  I  didn't  see  a  one 
for  one  between  0  and  Y,  some  lag  involved  there  which  you  would 
expect.  But  I  could  get  desired  performance. 

No  PIO. 
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CONFIGURATION  #3 


Pilot  H  (HQR  4) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Speed  of  response  in  pitch  was  sluggish,  in  terms  of  flight  path  it 
was  really  sluggish.  The  final  steady  state  was  somewhat  unpredict¬ 
able.  If  I  didn't  watch  the  flight  path  marker  and  concentrated  on 
the  landing  point  on  the  runway,  you  could  work  with  it. 

Airspeed  control  was  no  factor. 

I  didn't  see  any  bad  control  harmony  at  all. 


ATMOSPHERE 

I  didn't  really  notice  turbulence  at  all. 
The  cross  wind  was  very  light. 


OVERALL  EVALUATION 

Pilot  compensation  was  moderate.  The  kind  of  compensation  you  need 
is  to  come  in  low  and  not  rely  on  a  quick  change  in  flight  path  to 
get  it  on  the  ground.  By  the  time  you're  used  to  what  you  see  on 
short  final,  you  can  tell  how  an  input  changes  the  flight  path 
marker.  It  takes  about  2  or  3  seconds  for  the  flight  path  marker  to 
settle  down  on  the  spot  that  you  want.  If  you  get  a  little  low  on 
final,  don't  change  your  pitch  very  much,  set  your  aim  point  just 
short  of  the  landing  spot,  you  should  be  able  to  obtain  desirable 
performance  and  accept  a  sink  rate  of  6  or  7. 

Desired  performance  obtained. 

Roll  was  good. 

No  PIO. 
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CONFIGURATION  #4 


Pilot  H  (HQR  4) 

Very  unpredictable  flight  path,  you  can  put  it  there  but  it  will  wander 
on  its  own.  I'm  pushing  over  with  considerable  force  at  times,  even  on 
final. 


AIRCRAFT  RESPONSE  CHARACTERISTICS 


Initial  response  is  not  bad.  Heading  control  is  good  and  predict¬ 
able.  Glideslope  is  somewhat  unpredictable.  I'll  need  to  make  small 
inputs  about  ray  final  value  in  order  to  keep  it  there. 

Airspeed  control  was  more  difficult. 

The  only  coordination  problem  between  axes  was  a  little  burbling  of 
the  flight  path  if  I  made  quick  pitch  movements  close  into  the  run¬ 
way.  I  could  see  it  bobble  on  me  a  little  bit  through  the  flight 
path  marker.  It  did  not  effect  the  task  and  my  ability  to  place  it. 


ATMOSPHERE 

I  didn't  notice  any  turbulence  at  all.  Crosswinds  were  fine,  prob¬ 
ably  a  light  intensity. 


OVERALL  EVALUATION 


Compensation  required  was  moderate  to  get  desired  performance. 
Again,  there  was  a  trade  off  between  touchdown  zone  and  sink  rate. 
It  was  difficult  to  get  both  parameters  down  well  below  the  desired 
tolerance,  but  you  could  get  them  in  there. 

Once  I  set  the  flight  path  marker,  it  wanted  to  drop  without  any 
inputs  when  I  rolled  out  so  1  would  have  to  compensate  a  little  bit. 
When  I  would  make  an  input,  it  would  tend  to  drift  in  the  initial 
direction  of  the  input  after  it  stops,  which  means  I  had  to  put  some 
small  inputs  in  to  keep  it  there. 

Desired  performance. 

No  tendency  to  PIO. 
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CONFIGURATION  #4 


Pilot  H  (HQR)  6) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Attitude  response  was  good.  Flight  path  response  was  really  poor, 
very  sluggish. 

Very  predictable. 

Roll  was  good,  heading  control  was  no  problem.  Speed  of  response  in 
pitch  was  good,  but  the  rate  of  change  of  flight  path  was  poor. 

Airspeed  control  was  harder. 

This  configuration  is  very  susceptible  to  develop  sink  rate  when  you 
drop  power  off.  No  disharmony  between  axes. 


ATMOSPHERE 

I  really  didn't  notice  any  disturbance  and  the  crosswinds  weren't 
noticeable  in  flight. 


OVERALL  EVALUATION 


Open  loop  control  in  pitch,  you  have  to  use  your  attitude  as  a  way 
to  control  your  flight  path  vector  rather  than  using  your  flight 
path  vector  or  staring  at  a  point  on  the  ground. 

To  hit  desired  performance  consistently  you  have  to  come  in  on  a  low 
short  final  and  make  a  very  small  pitch  change  on  final  so  that  you 
would  see  the  resultant  change  about  flare  time. 

Get  power  stabilized  early  and  on  speed  because  that  does  effect  the 
sink  rate  considerably  in  this  configuration.  Changes  on  final  are 
hard  to  make  when  you're  in  close. 

No  PIO. 

Continuing  to  put  in  small  inputs  to  keep  flight  path  marker  where  I 
want  it. 
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CONFIGURATION  # 9 


Pilot  H  (HQR  2) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 

I’d  like  a  little  more  response  in  roll,  but  other  than  that,  good 
controllability.  No  tendency  to  PIO. 

Initial  speed  of  response  is  a  little  slow  in  roll,  but  as  I  said, 
very  minor.  Pitch  very  good,  flight  path  precision  is  excellent. 
Predictability  in  both  axes  is  very  good.  No  tendency  to  overshoot. 

Airspeed  control,  no  sweat.  You  can  almost  set  the  power  and  she 
stays  right  in  there. 

Good  coordination  between  axes.  I  didn’t  see  any  cross  harmony 
problems.  No  tendency  to  overcontrol. 


ATMOSPHERE 

I  picked  up  the  atmosphere  a  little  more,  I  don’t  know  if  that's 
because  I  had  more  time  to  concentrate  on  what  it  was  doing  to  me, 
because  she  flew  so  much  better.  It  wasn’t  annoying  and  seemed 
pretty  good  as  far  as  an  overall  disturbance.  The  crosswind  inten¬ 
sity  did  not  seem  nearly  as  severe,  seemed  much  easier  to  control, 
perhaps  it's  because  I  had  less  concentration  on  the  pitch  axis. 


OVERALL  EVALUATION 


Very  minimal  pilot  compensation  required.  No  special  piloting  tech¬ 
niques.  Desired  performance  could  be  obtained,  just  slightly  slug¬ 
gish  on  the  roll  in  initial  response. 


CONFIGURATION  #9 


Pilot  C  (HQR  6) 

All  the  responses  are  slow  and  sluggish.  Very  hard  to  predict  your 
flight  path  or  heading  control  because  it’s  overshooting  and  out-of¬ 
sync.  Responses  a  lot  slower  than  I  want  to  go,  so  I  put  an  input  in, 
wait,  it's  not  enough  so  you  put  in  some  more,  then  it  starts  moving  and 
you  have  an  overshoot  situation.  Airspeed  is  easy  to  control.  The 
longitudinal  axis  is  slow  and  heading  control  is  slower  than  I  want. 
However,  the  lateral  axis  is  quicker  than  the  longitudinal  axis. 

The  crosswind  makes  it  more  difficult  to  make  the  final  landing.  As 
far  as  coming  down  the  slope,  it's  no  sweat.  Once  I  get  down  and  ready 
to  land  and  try  to  align  heading,  I  have  a  little  bit  of  a  problem  with 
it,  and  it  seems  difficult  for  me  to  land  on  centerline  and  heading  down 
the  runway.  The  crosswind  was  a  bit  more  than  annoying  and  distracting. 

Realism  wise  it's  not  really  realistic,  because  it's  not  buffeting 
much  and  it's  continuous,  which  you  very  seldom  see. 

Overall,  I  had  to  use  moderate  compensation.  I  had  to  stay  with  the 
flight  path  marker  all  the  time  and  couldn't  get  away  from  paying  atten¬ 
tion  to  it.  I  had  to  play  a  little  gamesmanship  and  get  myself  out-of- 
sync  with  the  longitudinal  axis  to  get  it  to  stop  where  I  wanted  it  to. 
Always  going  back  and  forth.  Majority  of  the  problem  is  with  the  longi¬ 
tudinal  axis. 


CONFIGURATION  #9 
Pilot  B  (HQR  3) 

A  little  bit  sluggish  in  pitch.  Heading  control  was  predictable. 
Coordination  between  axes  was  no  problem.  The  atmosphere  was  OK.  Mini¬ 
mal  compensation  required. 


CONFIGURATION  #10 


Pilot  H  (HQR  4) 

Minor  but  annoying  deficiency,  it's  probably  in  pitch.  It  appears 
there  is  a  tendency  for  the  nose  to  float  off  if  I  try  to  set  it 
with  the  flight  path  marker.  I  guess  it  will  require  a  little  com¬ 
pensation  in  the  opposite  direction,  kind  of  annoying.  You  can't 
really  place  the  nose  and  leave  it  there.  You  can  get  desired  per¬ 
formance,  but  it  requires  moderate  nilot  compensation. 

I  didn't  see  a  lot  of  tight  control  on  my  part.  So  I'd  say  right 
now  there  isn't  any  tendency  for  the  pilot  to  produce  an  undesirable 
motion,  so  it  would  be  a  1  on  a  PIO  scale. 


AIRCRAFT  RESPONSE  CHARACTERISTICS 


I  think  the  initial  speed  of  response  in  both  axes  is  good.  Flight 
path  precision  is  not  as  good.  I  think  you  can  hold  the  heading 
well,  it  is  predictable.  I  think  the  flight  path  is  slightly  unpre¬ 
dictable,  as  I  mentioned  before,  a  tendency  to  overshoot. 

Airspeed  control  wasn't  a  factor  at  all.  It  was  good. 

As  far  as  control  harmony,  coordination  between  axes  wasn't  too  bad. 
It's  kind  of  awkward  having  to  push  over  in  the  turn.  I  guess  I'm 
used  to  more  of  a  pitch  change  due  to  power  reduction  than  what  I 
would  see  here. 


ATMOSPHERE 


The  crosswind  is  at  the  annoying  level.  I  would  say  that  the  turbu¬ 
lence  isn't  a  factor  at  all.  Intensity  Is  light  to  less  than  light. 
The  crosswinds  are  realistic,  it's  an  excellent  task  in  that  sense. 


OVERALL  EVALUATION 


Pilot  compensation  is  minimal  to  moderate,  I  would  say  moderate  from 
the  viewpoint  of  trying  to  rate  a  CHR  4. 

I  used  my  flight  path  marker  as  a  trend  indicator,  in  other  words 

when  I  got  through  with  trying  to  position  the  aircraft  visually  I'd 

go  back  and  try  to  see  where  it  was  tracking.  It  tended  to  float 

off.  If  I  concentrated  on  it,  it  would  drag  me  off  the  task. 

Both  desired  and  adequate  performance  was  obtained. 
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CONFIGURATION  #10 


Pilot  H  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Initial  speed  of  response  was  good  in  roll,  maybe  a  little  sluggish. 
Pretty  good  in  pitch.  Lags  a  little  in  flight  path.  Still  sluggish 
in  flight  path  control,  somewhat  predictable. 

No  tendency  to  overshoot. 

Airspeed  control  was  good. 

Coordination  between  axes  was  good. 


ATMOSPHERE 


I  could  feel  the  turbulence  a  little  more  on  this  one.  Crosswinds 
were  no  factor. 


OVERALL  EVALUATION 


You  could  affect  it  on  short  final  a  little  more.  The  spot  where 
you  went  open  loop  was  a  little  closer  in  to  the  landing  spot. 


CONFIGURATION  #10 


Pilot  H  (HQR  6) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Initial  response  seemed  good  in  both  axes,  maybe  a  little  sluggish 
in  pitch. 

Flight  path  position  and  heading  control  was  good.  It  was  predict¬ 
able. 

The  flight  marker  was  sluggish  and  somewhat  unpredictable.  Diffi¬ 
cult  to  hold  when  I’m  In  close. 

Good  coordination  between  axes. 


ATMOSPHERE 

I  felt  the  turbulence  a  little.  Crosswind  not  a  factor  with  the 
flight  path  marker. 


OVERALL  EVALUATION 

Adequate  performance  requires  extensive  pilot  compensation. 

Response  was  not  good  on  short  final,  even  if  I  tried  to  game  it  a 
little. 

Too  much  compensation  required  to  really  make  it  work. 

Unpredictable  in  flight  path. 
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CONFIGURATION  #10 


Pilot  C  (HQR  5) 

Initial  pitch  response  is  sluggish.  Flight  path  precision  was  dif¬ 
ficult.  There  was  a  slight  tendency  for  a  slow  PIO. 

Airspeed  control  was  normal. 

Heading  control  was  good.  Very  easy  to  roll  out  and  correct  to  a 
heading. 

Coordination  between  axes  was  not  good  because  there  is  better 
response  in  lateral  than  pitch.  Coupling  would  be  a  problem. 


ATMOSPHERE 


Caused  no  problem. 


OVERALL  EVALUATION 


Pilot  compensation  required  was  moderated  for  flight  path,  I  was 
chasing  it  all  the  way  down  final. 

Performance  was  adequate. 


% 
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CONFIGURATION  #11 


Pilot  H  (HQR  6) 

Because  the  aircraft  was  so  sensitive  to  gust,  it  makes  it  very 
hard.  You  have  to  be  in  the  loop  a  lot  to  keep  your  flight  path 
marker  where  you  want  it.  But  then  when  you  get  down  to  flare  you 
are  at  the  mercy  of  the  gust.  You  almost  have  to  go  out  of  loop  and 
accept  a  higher  sink  rate  if  you  want  to  drop  into  adequate  perform¬ 
ance. 

The  aircraft  seemed  to  respond  OK  in  roll,  maybe  slightly  slow.  The 
pitch  was  pretty  good.  I  guess  in  terms  of  flight  path  control  it 
was  slightly  sluggish.  Flight  path  precision  was  controllable,  it 
was  predictable,  slight  tendency  to  be  sluggish.  No  tendency  to 
overshoot  unless  you  really  tried  to  stay  on  top  of  it. 

Airspeed  control  was  a  little  more  difficult,  required  about  twice 
as  much  throttle  movement  to  keep  myself  within  2  Kts. 

Coordination  between  axes,  no  problem.  It  was  good,  no  tendency  to 
overcontrol. 


ATMOSPHERE 

Became  annoying,  almost  distracting.  In  this  case  it  appeared  to 
have  a  greater  intensity,  somewhere  between  light  and  moderate  on 
the  turbulence,  I'd  say  light.  It  caused  the  task  workload  to  go  up 
considerably  because  the  aircraft  would  be  responding  so  much  to  the 
gust.  Fairly  real. 


OVERALL  EVALUATION 

Considerable  pilot  compensation  was  required  in  pitch  axis. 

I  mentioned  because  you  had  the  initial  response  in  pitch  the  flight 
path  motion  was  maybe  slightly  sluggish.  When  you  got  in  on  short 
final  you  were  at  the  mercy  of  the  gusts,  you  had  to  set  a  sink  rate 
and  accept  the  fact  that  you  would  get  adequate  tolerance.  If  you 
got  on  the  stick  at  all,  you  would  be  short  or  long.  Outside  that, 
I  think  you  can  get  adequate  performance  although  I  didn't  demon¬ 
strate  that  consistently. 

Slightly  sluggish,  but  aircraft  response  to  gust  disturbances  is 
pretty  bad,  makes  the  task  difficult  close  in,  to  set  a  proper 
flight  path. 
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CONFIGURATION  #12 


Pilot  H  (HQR  7) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Controllability  not  a  question,  there  is  no  tendency  for  PIO. 

Roll  is  the  same  as  before,  good  response,  no  tendency  to  overshoot. 

You  definitely  have  a  pitch  rate  system.  Flight  path  lags  consider¬ 
ably  and  there's  a  tendency  you'll  overshoot  what  you  want.  You  try 
and  compensate  back,  but  you  overshoot  so  great,  and  it  lags  so 
much,  that  by  the  time  you  are  making  an  input  it's  just  a  guess  as 
to  where  you  are.  My  best  guess  is,  you  could  learn  to  compensate 
this  thing,  perhaps.  I  sure  wouldn't  want  to  fly  it. 

Airspeed  control  is  about  the  same.  Initially,  I  think  because  the 
AOA  doesn't  change  much,  the  airspeed  doesn't  change  much.  They're 
tied  together  in  terms  of  coordination.  I  wanted  to  say  the  air¬ 
speed  was  slow  to  respond,  and  it  was  slightly  sluggish,  but  I  think 
that  was  because  we  weren't  changing  the  AOA  very  much. 

Coordination  between  axes,  that  was  fine.  I  didn't  have  any  ten¬ 
dency  to  overcontrol  in  pitch  as  a  result  of  my  bank.  Good  harmony. 

ATMOSPHERE 


Seemed  like  I  had  a  little  less  cross  wind,  maybe  I  was  concentrat¬ 
ing  a  lot  on  my  pitch  so  I  didn't  see  that.  Intensity  was  fine, 
realism  overall  was  fine. 

OVERALL  EVALUATION 


Definitely  considerable.  I  don't  know  what  kind  of  technique  you 
would  use  because  of  the  guess  work  involved  with  pitch  and  flight 
path  lag. 

Performance  obtained  was  outside  adequate. 
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CONFIGURATION  #12 


Pilot  H  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Response  was  good  in  both  pitch  and  lateral,  maybe  a  little  slow. 
Flight  path  precision  was  poor  and  unpredictable. 

Followed  pitch  inputs  a  little  better. 

Airspeed  was  better. 

Some  real  poor  coordination  in  roll  and  pitch,  I  got  a  lot  of  pitch, 
out  of  ^roll.  I  don’t  think  it  was  cross  coupling  in  terms  of 
inputs. 

ATMOSPHERE 

I  didn't  feel  much  disturbance.  Crosswinds  seemed  to  be  a  little 
more  of  a  factor,  not  too  bad.  Fairly  real. 

OVERALL  EVALUATION 


Have  a  low  final,  if  you  have  to  change  your  pitch  at  all  in  close, 
you're  out  of  there. 

Pulse  inputs  to  try  to  get  in  there,  but  it  was  just  tc~  sluggish  to 
respond. 

Power  didn't  seem  to  have  a  great  effect.  I  was  trying  to  stay  very 
close  to  130  kts  and  not  require  many  power  changes. 


*A  pure  lateral  input  has  no  effect  on  pitch. 
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CONFIGURATION  #15 


Pilot  H  (HQR  6)  [Ignored  Due  to  Stick  Sensitivity;  See  Repeat  Below] 
AIRCRAFT  RESPONSE  CHARACTERISTICS 


Abruptness  of  response  in  pitch. 

Airspeed  control  was  definitely  more  difficult. 

(Smaller  change  in  power,  greater  change  in  airspeed) 

Required  quite  a  bit  of  compensation  in  pitch.  The  best  thing  to  do 
was  to  leave  it  alone  and  once  you  got  the  flight  path  vector 
aligned  to  where  the  landing  spot  was,  just  let  it  come  in.  If  you 
got  in  the  loop  on  short  final  you  got  a  tendency  to  PIO. 

A  little  lag  between  pitch  attitude  and  flight  path. 


CONFIGURATION  #15 

Pilot  H  (HQR  2)  [Stick  gain  reduced  by  2] 

AIRCRAFT  RESPONSE  CHARACTERISTICS 

This  is  a  good  aircraft.  I  think  you  can  get  desired  performance 
every  time.  Just  a  few  negligible  deficiencies. 
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OONFIGURATON  #17 


Pilot  H  (HQR  3) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Good  initial  response,  almost  too  abrupt.  It  took  a  little  getting 
used  to.  Very  precise,  you  can  see  that  it's  almost  deadbeat  in 
pitch.  Very  predictable  until  you  want  to  make  that  fine  touch  for 
the  flare,  you  could  overshoot  it  without  the  right  touch. 

Airspef 4  control  was  good.  Easy  to  do. 

Appeared  to  be  good  control  between  axes.  I  did  notice  on  the  roll 
in  the  flight  path  marker  wants  to  go  up  and  on  roll  out  it  wants  to 
drop. 

ATMOSPHERE 


Turbulence  was  annoying,  not  really  distracting  very  light  inten¬ 
sity.  Crosswinds  noticeable  but  not  distracting.  They  seemed  real. 

OVERALL  EVALUATION 


Minimal  pilot  compensation  required  for  desired  performance.  Com¬ 
pensation  is  primarily  in  the  type  of  gain  reduction  it  takes  to 
flare  it,  you  have  to  give  it  a  small  tweek  and  let  it  drop  in,  this 
decreases  you  dispersion  and  increases  your  sink  rate. 

Desired  performance  obtained. 


Fixed  by  decreasing  Ay  to  roll  gain. 
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CONFIGURATION  #17 


Pilot  C  (HQR  4) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 

Pitch  response  is  about  normal.  Response  in  lateral  axis  feels 
normal  also. 

Flight  path  precision  is  predictable.  There  is  a  tendency  to  over¬ 
shoot  because  the  pitch  axis  is  more  responsive  to  the  stick. 

Heading  control  appears  better  than  the  last  time,  maybe  due  to 
better  pitch  control. 

Coordination  between  axes  is  pretty  close  compared  to  the  other 
ones. 

ATMOSPHERE 

Crosswind  was  easily  counteracted. 

OVERALL  EVALUATION 

Minimal  to  moderate  pilot  compensation  required  mostly  to  just  hit 
the  spot • 

Desired  performance  obtained. 

PIO  rating  between  a  3  and  4. 

CONFIGURATION  #17 
Pilot  B  (HQR  4) 

Pitch  was  sluggish  -  roll  OK.  Overcontrol  in  pitch.  Heading  con¬ 
trol  no  problem.  Airspeed  control  good.  Atraoshpere  was  no  factor. 
Moderate  compensation  required. 
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CONFIGURATION  #18 


Pilot  H  (HQR  1) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Good  response.  Good  predictability  in  both  roll  and  pitch,  I  didn't 
see  any  tendency  to  overshoot.  Airspeed  was  easily  controllable. 
Good  coordination  between  axes. 

ATMOSPHERE 


Atmosphere  was  annoying  but  light  intensity,  fairly  real.  Crosswind 
seems  a  little  light. 

OVERALL  EVALUATION 


No  real  pilot  compensation  required.  No  special  technique.  Desired 
performance  was  obtained.  Slightly  susceptible  to  gust  in  terms  of 
aircraft  lift,  but  I  didn't  see  the  flight  path  marker  dancing  very 
much.  Good  aircraft,  nice  and  stable. 


CONFIGURATION  #18 


Pilot  C  (HQR  2) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Initial  response  In  pitch  axis,  pitch  rate  are  good.  Flight  path 
precision  is  easy.  Good  pitch  configuration. 

Heading  control  noticeably  a  problem.  Heading  tended  to  overshoot. 
Every  time  I  rolled  into  or  out  of  a  turn,  my  heading  started  to 
wander.  Considerable  use  of  rudders  and  banking  required. 

Airspeed  control  was  ok. 

More  control  required  in  the  lateral  axis  than  the  pitch. 

ATMOSHPHERE 


Atmosphere  was  more  of  a  problem,  because  the  crosswind  affects 
lateral  control  the  most. 

OVERALL  EVALUATION 


Moderate  amount  of  pilot  compensation  required  to  point  the  aircraft 
where  I  wanted  it. 

More  rudder  required. 

Desired  performance  obtained. 

No  tendency  PIO.  If  it  was  gusty,  I  could  have  had  PIO  problems 
because  then  I  would  have  coupled  up  in  the  pitch. 

Considering  longitudinal  axis  only,  I  would  rate  this  a  CHR  2.* 


Used  CHR  2  since  we  only  care  about  longitudinal  axis. 
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CONFIGURATION  #18 


Pilot  C  (HQR  5) 

Once  again,  the  flight  path  to  attitude  responses  were  sluggish.  I 
tended  to  overcontrol,  but  not  quite  as  bad  as  the  first  time  (Configu¬ 
ration  9).  There  was  a  tendency  to  overshoot.  Airspeed  control  was 
easy.  Coordination  between  axes  was  about  the  same  as  before  in  that 
the  lateral/directional  was  a  bit  slower  than  I  would  like  but  faster 
than  pitch. 

The  crosswind  was  more  than  annoying,  in  that  it  complicated  the 
task  in  the  final  portion  to  get  lined  up  and  land  on  the  center  stripe. 
Coming  down  final,  I'm  spending  most  of  my  time  getting  the  flight  path 
marker  to  stay  somewhere  on  the  runway.  When  I  get  ready  to  land  I  put 
the  flight  path  marker  halfway  down  the  runway  and  then  I  spend  almost 
ninety  percent  of  my  time  trying  to  make  a  smooth  landing  while,  at  the 
same  time,  trying  to  stay  on  the  center  stripe.  That  is  a  major  task 
right  at  the  end.  This  is  not  very  realistic  because  I  don't  have  any 
visual  cues  out  the  periphery. 

Overall,  moderate  pilot  compensation  required  just  to  land  the  air¬ 
plane,  which  should  not  be  a  factor.  The  F-15  is  the  easiest  flying 
airplane  in  the  world  and  it  shouldn't  take  this  much  work.  No  special 
piloting  techniques  required  other  than  paying  more  attention  than 
normal  to  the  landing  phase. 
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Visual  Cue  Rating  Scale  Comments: 

How  bad  are  the  visual  cues  in  the  HUD  you  ask?  They  are  so  bad 
that  when  I  get  down  to  the  last  hundred  feet  of  the  landing  phase.  I'm 
watching  the  altimeter  on  the  HUD  to  tell  where  I'm  going  to  be  twenty 
three  feet  above  the  ground  (altitude  at  touchdown — terrain  board 
limit).  There  is  very  little  visual  sensation  from  the  display  until 
the  last  second  before  you  smite  the  earth.  The  digital  reading  on  the 
HUD  is  the  only  thing  I  have  to  go  by.  I'd  rather  have  some  kind  of 
analog  bar  to  hit  a  spot  (on  the  bar)  rather  than  a  number.  Numbers  are 
real  hard  for  me.  It  takes  an  extra  bit  of  brain  power  to  figure  out 
what  a  number  means,  whereas  with  an  analog  bar,  I  know  when  the  bar 
hits  a  certain  spot,  it's  going  to  be  my  wheels  touching  the  ground.  So 
I'd  rate  the  visual  cues  for  both  the  HUD  and  the  simulator  visual  for 
sink  rate  as  poor.  I'll  give  you  a  four. 

Almost  ninety  nine  percent  of  my  attitude  cue  comes  from  the  HUD  and 
its  relation  to  the  visual  display,  so  there  is  a  kind  of  an  interaction 
between  the  two.  It's  so  hard  to  chase  the  flight  path  marker  all  the 
time  that  I'm  not  ever  paying  much  attention  to  aircraft  attitude.  I'm 
sure  the  waterline  is  just  going  up  and  down  all  the  time.  I  do  not  fly 
attitude  on  the  landing  phase  when  I  have  a  flight  path  marker,  at  least 
I  don't  consciously  do  it.  So,  I  can't  give  you  a  rating  on  the  visual 
cues  in  the  HUD  and  the  simulator  for  attitude  because  I  haven't  been 
paying  attention  to  it. 

Now,  if  we're  talking  about  flight  path,  I'm  going  strictly  by  the 
HUD's  positioning  of  the  flight  path  marker  on  the  visual  display.  The 
visual  display  when  I  need  it  the  most  -  in  the  last  fifty  feet  of  land¬ 
ing  -  is  worthless. 
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CONFIGURATION  #18  (repeated) 

Pilot  C  (HQR  6) 

No  comments  on  the  lateral/directioal  axes.  The  longitudinal  axis 
was  sluggish  and  out-of-sync.  This  was  just  like  the  first  two  (Config¬ 
urations  9  and  18).  Flight  path  control  was  difficult  because  you  over¬ 
shoot  and  because  there  was  almost  a  second  delay  between  the  time  I 
made  an  input  to  the  time  I  saw  something  out  of  the  airplane.  Airspeed 
control  -  no  comments. 

The  crosswind  was  the  same  as  before,  it  only  complicated  the  very 

end. 


Moderate  pilot  compensation.  I  was  spending  all  of  my  time  worrying 
about  the  glideslope  and  nothing  else. 


CONFIGURATION  #18 
Pilot  B  (HQR  3) 

Somewhat  sluggish  in  pitch.  Flight  path  predictable.  Good  airspeed 
control.  Coordination  between  axes  is  OK.  Atmosphere  OK.  Minimal 
pilot  compensation  required. 
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CONFIGURATION  #19 


Pilot  H  (HQR  3) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Response  was  good,  I  didn't  see  any  real  sluggishness. 

Precision  was  good  on  both  heading  control  and  predictability.  Good 
predictability  on  the  flight  path. 

Airspeed  control  was  good. 

Good  coordination  between  axes.  It  did  have  a  tendency  when  I 
rolled  out  on  final  the  flight  path  marker  would  drop,  even  though 
the  pitch  of  the  aircraft  didn't. 

ATMOSPHERE 

I  really  didn't  feel  much  turbulence,  an  occasional  bump,  very  low 
frequency.  Semi  realistic,  and  had  no  effect  on  task  performance. 

OVERALL  EVALUATION 


Minimal  pilot  compensation 

Shifting  of  aim  point,  I  wouldn't  say  is  a  special  piloting  tech¬ 
nique.  There  was  a  tendency  because  a  lack  of  peripheral  to  shift 
my  aim  point  out  just  prior  to  touchdown,  which  would  give  me  the 
right  kind  of  pitch  up. 


Desired  performance  obtained 


CONFIGURATION  #20 


Pilot  H  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


Requires  you  go  open-loop  in  the  flare. 

Speed  of  response  is  not  bad,  I  think  here  we’re  seeing  a  much 
quicker  change  in  flight  path  for  a  smaller  change  in  pitch.  I'm 
either  overshooting  it  or  undershooting  it,  if  I  wait  a  little  bit 
too  long. 

Airspeed  control  seemed  slightly  sluggish. 

Flight  path  did  seem  predictable,  it  required  inputs  to  keep  it 
where  I  wanted  it. 

Good  coordination  between  axes. 

ATMOSPHERE 


Turbulence  was  annoying.  Intensity  was  light,  fairly  realistic. 
OVERALL  EVALUATION 


Considerable  pilot  compensation.  Because  it  was  near  open-loop. 
You  almost  could  set  an  attitude  and  let  it  come  in.  If  I  went 
total  open-loop  1  would  end  up  hitting  short.  If  I  tried  a  normal 
flare  I  would  float  down  the  runway. 

Adequate  performance  obtained. 
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CONFIGURATION  #21 


Pilot  L  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 

It  * 8  not  as  quick  as  the  last  one,  I  wasn't  overshooting. 

Pitch  is  slower  than  last  one. 

Flight  path  precision  was  better.  Easier  to  stay  on  glidepath  until 
I  got  in  real  close. 

Airspeed  control  is  fine. 

i 

Coordination  between  axes  is  still  good. 

ATMOSPHERE 

Compensating  for  crosswind  that  dies  away. 

Intensity  is  fine. 

OVERALL  EVALUATION 

I  really  have  to  compensate  a  lot  to  get  it  in  the  desired  param¬ 
eters. 

Once  you  get  in  close  enough  to  see  where  you're  going  to  touch  down 
it's  to  late  to  be  putting  in  any  more  corrections.  It's  hard  to 
tell  when  to  flare. 

Damping  was  better  longitudinally.  You  could  put  it  somewhere  and 
it  would  stay  there  but,  it  wasn't  quick  to  move  there. 

No  PIO. 
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CONFIGURATION  #22 


Pilot  L  (HQR  5) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 


You  need  a  quick  change  in  your  glidepath  short  in,  to  get  above  or 
below. 

Initial  speed  of  response  is  sluggish,  maybe  it's  just  a  time  delay 
in  there. 

I  kept  overshooting.  Once  you  get  in  tight  I  was  going  above  and 
below  glideslope. 

Airspeed  control  was  ok. 

Coordination  between  axes  is  good. 

ATMOSPHERE 


Intensity  is  somewhat  real,  except  I  don't  think  crosswind  should  go 
away. 

OVERALL  EVALUATION 

I  really  have  to  work  hard.  Because  of  the  crosswind  change  you 
have  to  keep  correcting  to  get  on  centerline. 

Half  the  problem  is  being  able  to  see  where  you  are  going  to  hit. 
In  close,  the  localizer  is  too  sensitive  to  use. 

It's  a  trade  off  between  hitting  the  point  or  landing  hard  if  you're 
a  little  high.  If  you  are  low  you  can  compensate  for  that. 

I  could  do  better  if  simulator  visual  was  more  realistic. 
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CONFIGURATION  #23 


Pilot  L  (HQR  4) 

AIRCRAFT  RESPONSE  CHARACTERISTICS 
I  was  working  hard  to  compensate. 

I  would  like  the  rate  of  response  to  be  a  little  quicker,  I've  done 
this  so  many  times  I  don't  overshoot  very  bad,  but  I  continue  to 
overshoot.  I  have  to  put  in  a  correction  and  just  hold  it  to  see 
what  it's  going  to  do.  It's  somewhat  unpredictable. 

Airspeed  control  is  good.  Airspeed  changes  as  1  would  like. 

Coordination  between  axes  is  good,  pitch  and  roll  where  fine. 

ATMOSPHERE 

I've  been  compensating  for  a  crosswind.  I  don't  know  if  it's  real¬ 
istic  having  a  straight  ramp  on  the  crosswind.  Usually  from  three 
hundred  feet  down  your  crosswind  doesn't  go  away. 

OVERALL  EVALUATION 


Desired  performance  obtained. 

When  you  try  to  keep  the  flight  path  marker  with  the  glideslope, 
it's  very  hard  to  do.  You  can  push  a  little  bit  and  it  takes  a 
little  while  for  the  flight  path  to  go  down,  you're  shooting  through 
your  glidepath.  If  it  was  just  a  little  quicker,  I  could  catch  the 
glideslope  better. 

If  I  worked  at  it  I  could  get  it  to  PIO. 
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Configuration  #1AC 
Pilot  B  (HQR  2) 

Speed  of  response  was  very  good.  Flight  path  precision  -  predict¬ 
able.  Airspeed  control  and  coordination  between  axes  were  good.  Mini¬ 
mal  compensation  required. 


CONFIGURATION  #2AC 
Pilot  B  (HQR  3) 

Initial  speed  of  response  was  sluggish  in  pitch,  slowed  my  inputs 
down  to  compensate.  Heading  control  predictable.  Airspeed  control  was 
OK.  Minimal  pilot  compensation  required.  Desired  performance  obtained 
more  frequently. 


CONFIGURATION  # 9AC 
Piloi.  C  (HQR  3) 

The  speed  of  the  responses  is  a  lot  more  real  time  and  close  to  what 
I  want,  not  abrupt  and  not  sluggish.  Maybe  a  little  slower  than  I'd 
like,  but  almost  right.  It’s  pretty  easy  to  hold  flight  path  now  with 
minimum  work  on  my  part.  There  is  a  little  bit  of  overshoot  and  PIO 
tendency.  Airspeed  control  is  good.  Coordination  between  axes  seems 
almost  just  right. 

The  atmosphere  as  not  even  annoying  or  distracting.  Very  easy  to 
compensate  for. 

There  was  minimal  pilot  compensation  required.  No  special  piloting 
techniques. 
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Visual  Cue  Rating  Scale  Comments: 


Comments  now  that  would  apply  to  the  visual  cues,  also.  The  task 
here  (Configuration  9AC)  was  so  much  easier  than  the  first  two,  that  I 
had  time  to  check  out  visual  cues.  I  realized  that  before  I  was  so  busy 
trying  to  keep  the  flight  path  marker  cr.  the  runway  that  I  had  no  time 
to  look  at  my  peripheral  visual  cues.  This  time  I  had  plenty  of  time  to 
do  that.  The  only  correction  I  had  to  make  wis  right  at  the  end  to  land 
on  the  stripe  and  to  compensate  for  the  crosswind. 

I  still  need  to  go  to  the  HUD  for  altitude  before  touchdown  because 
I  don't  gat  a  ground  rush  or  peripheral  cues.  Some  of  the  other  cues 
are  a  little  better  if  you  have  the  time  to  pay  attention  to  them.  Once 
again,  the  big  cue  that  you  need  right  at  the  last  fifty  to  one  hundred 
feet  before  touchdown  is  not  there,  and  that  is  a  wider  field  of  view 
for  your  ground  rush  and  sinking  sensation.  Sink  rate  I  still  rate 
poor,  with  a  four,  because  I  can't  tell  I'm  sinking  with  any  kind  of  cue 
out  there  until  I've  sunk  a  long  way. 

As  far  as  attitude  goes,  the  only  cue  I  use  the  visual  display  for 
is  where  to  put  the  flight  path  marker  on  the  runway  to  try  to  gamesman¬ 
ship  the  touchdown  point.  Once  again,  I  don't  consciously  use  attitude 
in  the  landing  phase.  I'm  generally  an  angle-of -attack  guy  -  the  F-4 
and  A-7  are  angle-of -at tack  airplanes.  The  F-16  is  a  little  bit  more  of 
an  attitude  type  landing,  but  you  need  the  periphery  to  get  that.  As 
far  as  attitude  goes,  the  visual  is  poor,  a  four  or  a  five.  The  HUD, 
when  it  gets  down  to  the  landing  phase,  needs  to  have  a  more  graduated 
pitch  ladder.  I  only  have  a  zero  and  five-degree  marks,  and  the  differ¬ 
ence  of  a  couple  degrees  could  mean  a  tail-pipe  drag  on  an  F-15  or  F- 
16,  so  I'd  rate  the  HUD  as  fair. 


CONFIGURATION  #9AC 
Pilot  B  (HQR  2) 

Hard  to  get  lined  up  due  to  crosswind.  Minimal  to  moderate  compen¬ 
sation  required.  Good  response  in  both  pitch  and  roll.  Flight  path  and 
heading  recision  -  OK.  Airspeed  control  and  coordination  between  axes 
is  OK. 
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CONFIGURATION  #10AC 


Pilot  C  (HQR  4) 

Pitch  response  was  sluggish.  Flight  path  precision  was  predictable 
but  there  was  a  little  tendency  to  overshoot,  and  that  was  the  undesir¬ 
able  part.  This  time  I  was  able  to  evaluate  flight  path  changes  with 
the  throttles  in  that  I  pulled  back  on  the  throttles  and  started  dropp¬ 
ing  low,  which  the  simulator  did  almost  like  a  real  airplane.  No  change 
in  coordination  between  axes. 

The  crosswind,  again,  complicated  the  final  portion  of  the  landing, 
but  no  other  problems. 

Minimum  to  moderate  pilot  compensation  was  required  just  to  stop  my 
overshoots  and  PIO's  in  the  pitch  axis.  Again,  this  one  was  like  the 
last  one  (Configuration  18AC)  in  that  if  I  stop  making  inputs  and  let 
the  stick  go  to  the  original  trim  position,  I  could  just  make  small 
inputs  and  get  where  I  wanted  with  just  small  overshoots.  That  would  be 
the  special  piloting  technique  required. 


CONFIGURATION  #10AC 
Pilot  B  (HQR  3) 

Sluggish  response  in  pitch,  PIO  when  I  was  abrupt.  Airspeed  and 
heading  control  were  good.  Moderate  compensation  required.  Requried 
smoother  inputs. 


CONFIGURATION  #17AC 
Pilot  B  (HQR  3) 

Adjustment  in  pitch  -  overcontrolled.  Initial  speed  of  response  and 
precision  -  OK.  Coordination  and  airspeed  control  -  OK.  No  special 
piloting  techniques  required. 


CONFIGURATION  #18AC 


Pilot  C  (HQR  4) 

The  initial  speed  of  response  in  the  pitch  axis  was  sluggish.  Not 
as  bad  as  the  first  two  (Configuration  9  and  18),  not  as  good  as  the 
third  (Configuration  9AC),  however,  sluggish  from  desired.  Flight  path 
precision  was  hard  because  of  a  tendency  to  lag.  When  you  initially 
pull  the  stick  back,  the  flight  path  marker  would  go  in  the  opposite 
direction  and  I  would  get  out-of-sync  with  it.  The  harder  I  would  work 
at  it,  the  more  PIO's  I'd  get  into.  If  I'd  let  loose  of  the  stick  and 
stop  near  where  I'd  want  it,  and  then  make  very  small  changes,  it  would 
hold  real  well.  Coordination  between  axes  was  the  same  as  before  in 
that  the  lateral/directional  doesn't  bother  me  very  much,  and  the  pitch 
is  a  little  slower. 

The  atmosphere  only  complicated  the  final  lining  up  on  the  stripe 
and  wasn't  any  trouble  other  than  that. 

Moderate  compensation  was  required  until  I  figured  out  that  if  you 
fly  it  like  a  135,  and  don't  do  something,  it  will  probably  be  alright 
by  itself.  Don't  fix  it  if  it's  not  broken  type  philosophy.  Special 
piloting  technique  would  be  the  realization  that  I'm  out-of-sync  with 
the  flight  path  and/or  my  perception  of  pitch  attitude  in  the  landing 
phase  and  had  to  tone  down  my  inputs. 


CONFIGURATION  #18AC 
Pilot  B  (HQR  3) 

Pitch  was  a  little  sluggish.  The  crosswind  was  difficult  right  at 
touchdown.  Combination  of  the  two  sometimes  caused  me  to  be  outside 
performance.  Everything  else  -  OK. 


CONFIGURATION  #20AC 
Pilot  B  (HQR  3) 

Initial  speed  of  response  sluggish.  Roll  was  excellent.  Minimal 
pilot  compensation  required.  Everything  else  was  good. 
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APPENDIX  B 


DOCUMENTATION  OF  HANDLING  C”*T  TTIES  CONFIGURATIONS 

A.  INTRODUCTION 

This  appendix  documents  the  dynamic  characteristics  of  the  longitu- 
dlnal  and  lateral-directional  configurations  discussed  In  Section  V. 
These  configurations  provided  guidance  to  the  U. S.  Air  Force  for  the 
LAMARS  simulation  reported  In  Appendix  A,  and  allowed  an  analytical 
Investigation  of  various  handling  qualities  parameters.  Documentation 
Is  In  the  form  of  transfer  functions,  handling  qualities  parameters 
(generated  by  the  computer  program  described  in  Reference  26),  and  time 
histories. 

The  aircraft  model  represents  a  modern  jet  fighter  (Class  IV)  design 
in  landing  configuration  (flaps  and  gear  down)  at  130  kt 8.  The  aircraft 
is  trimmed  on  a  glldeslope  angle  (yq)  of  3  deg,  and  oQ  -  8.79  deg.  Con¬ 
trol  is  provided  by  conventional  elevator,  ailerons,  and  rudder. 

B.  LONGITUDINAL  CONFIGURATIONS 

A  total  of  forty-seven  configurations  were  developed,  with  varia¬ 
tions  in  response-type,  pitch  attitude  and  flight  path  bandwidths,  long¬ 
term  flight  path  stability,  time  delays,  and  pitch  rate  overshoot.  In 
addition,  several  configurations  are  intended  to  be  evaluated  with  vary¬ 
ing  engine  lags  in  order  to  investigate  the  tradeoffs  between  flight 
path  stability  and  engine  response  time. 

Table  B-l  lists  the  transfer  functions  for  the  47  configurations; 
Table  B-2  lists  the  values  of  the  key  handling  qualities  parameters  dis¬ 
cussed  in  this  report,  generated  by  the  Reference  26  computer  program, 
and  briefly  describes  the  variations  in  the  configurations.  A  time 
delay  of  0.0125  sec  (approximating  computational  delays)  was  assumed  for 
all  of  the  configurations. 
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TABLE  B-l.  TRANSFER  FUNCTIONS  FOR  LONGITUDINAL  CONFIGURATIONS 
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TABLE  B-2.  handling  qualities  parameters  for 

LONGITUDINAL  CONFIGURATIONS 
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A  mnemonic  system  was  devised  for  the  longitudinal  configurations  to 
aid  in  identification.  Following  is  a  description  of  this  identifier: 


SYMBOL  VARIABLE  _ VALUE  OR  DEFINITION _ 

ACAH 

RCAH  (Low  Pitch  Rate  Overshoot) 
RCAH  (High  Pitch  Rate  Overshoot) 

1  ■  1.5  rad/sec 

2  ■  2  rad/sec 
3-3  rad/sec 
4*4  rad/sec 
5*5  rad/sec 
6*6  rad/sec 
8*8  rad/sec 

10  ■  10  rad /sec 

Flight  Path  L  *  Low,  0.43  rad /sec 

Lag,  M  -  Medium,  0.69  rad/sec 

(1/TqJ  H  -  High,  0.86  rad/sec 

1  eff 

Added  Pure  D1  -  0.05  or  0.1  sec 

Time  Delay  D2  -  0.08,  0.1,  or  0.15  sec 

D3  -  0.15  or  0.2  sec 

G  dY/dV  G1  —  0.067  deg/kt 

Variations  G2  —  0. 140  deg/kt 

G3  —  0.240  deg/kt 
G4  —  1.00  deg/kt 


Figure  B-l  shows  step  responses  of  pitch  attitude  (for  ACAH)  or 
pitch  rate  (for  RCAH)  for  the  basic  configurations  —  i.e.  ,  no  added 
time  delay,  and  dY/dV  <  0.  These  responses  are  common  to  all  configura¬ 
tions  with  the  same  pitch  attitude  bandwidth,  regardless  of  flight  path 
bandwidth;  for  example,  the  time  history  of  9/0c  for  ufcyg  "  6  rad/sec 
represents  Configurations  A6L,  A6M,  and  A6H.  Figure  B-2  shows  the  step 
response  of  angle-of-attack  for  the  nominal  configurations;  in  this 
case,  however,  the  magnitude  of  the  response  varies  with  flight  path 
bandwidth,  so  the  time  histories  of  Figure  B-2  are  for 

(i/Tq9)  -  0.69  rad/sec. 

z  eff 


L,  M,  H 

D 


A  response-type 

R 
RO 

1,2, 3, 4,  etc.  Pitch 

Attitude 

Bandwidth, 

“BWe 
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Figure  B-l .  Time  Responses  for  Basic  Configurations 
(Nominal  Time  Delay;  Step  Control  Input; 
Numbers  Refer  to  Pitch  Attitude  Bandwidth) 


ftnai-af-fliiftci  agggii  <*  ocflH  ousts 


u 

t 

t 


line 


Figure  B-2.  Step  Responses  of  Angle~of~Attack  for  Basic 

Configurations  (Nominal  Time  Delay  and  ( 1 /Tb~ )  ; 

“  cf  f 

Numbers  Refer  to  Pitch  Attitude  Bandwidth) 
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C.  LATERAL-DIRECTIONAL  CASES 


The  eighty-eight  lateral-directional  variation  cases  discussed  in 
Section  V  were  developed  to  explore  the  generic  characteristicstics  of 
various  lateral-directional  handling  qualities  criteria.  No  time  delays 
were  used  in  these  cases.  Table  B-3  lists  the  pertinent  lateral  gfick 
and  rudder  pedal  transfer  functions,  and  Table  B-4  contains  values  for 
the  major  handling  qualities  parameters,  generated  by  the  Reference  26 
program.  Table  B-4  also  documents  the  key  response  variations  for  the 
cases. 
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TABLE  B-3 .  TRANSFER  FUNCTIONS  FOR  LATERAL-DIRECTIONAL  CASES 
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TABLE  B-4.  HANDLING  QUALITIES  PARAMETERS 
FOR  LATERAL-DIRECTIONAL  CASES 


VarlallOM  U  Datdi  loll 
Danpiag  <b4 


Variation*  Id  Boll  Hodo 
Tin  Oooataat 


Variation*  la  Tara 
Coordination  Charaet arlat lr a 
—  Noaiaat  | V/i|* 


U(3|  Variation*  —  Law 


Tarn  Coordination 
Variation  —  Urn  |t/t|* 


Tarn  Coordination  Variation* 

-*1*1.  |v/*|* 


Ljt  Vartatloaa 
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